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ABSTRACT 
Oil generation rate index is important in considering oil well performance. An oil 
generation rate index was estimated for ten wells in the Bakken Formation in the North Dakota 
portion of the Williston Basin. Activation energies consistent with a fixed frequency factor 
(1x10-14/sec) and estimates of the current temperature within the Bakken Formation were used to 
calculate a reaction rate. The reaction rate was converted into a generation rate index by 
multiplying the reaction rate by the mass of crackable kerogen derived from programmed 
pyrolysis (SRA) S2 analyses and bulk density logs. The programmed pyrolysis temperature of 
435°C, production index of 0.1 and conversion fraction of 0.1~0.15 are generally considered to 
represent the threshold of intense hydrocarbon generation from mature rocks. The calculated 
reaction rate index appears consistent with overpressure and production. 
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CHAPTER I 
INTRODUCTION 
The Bakken Formation deposited during the Late Devonian to Early Mississippian in the 
Williston basin underlies parts of Montana, North Dakota and Canadian provinces 
(Saskatchewan and Manitoba). The first production of oil from the Bakken formation occurred in 
the 1950's at Antelope field in McKenzie County, North Dakota (LeFever, 1991) but the 
technology for widespread production did not happen until the 2000's. The U.S. Geological 
Survey estimated in 2006 that there are 4.2 billion barrels of oil undiscovered recoverable oil 
reserves. In 2012, daily production was approximately 1,000,000 barrels of oil. Dow, 1974; 
Schmoker and Hester, 1983; Webster 1982, 1984 calculated that Bakken source rock from the 
Bakken source system may have produced between 10 to 413 billion barrels of oil which charge 
both unconventional and conventional Bakken Petroleum System. The level of Bakken 
exploration, production and resource potential has immensely increased with discoveries of 
reservoir zones within the Middle Bakken Member and underlying Three Forks. The general 
approach to the generation prediction is as follows. 1) Determine the mass of reactive kerogen 
present in the source beds. 2) Determination of temperature at the depth of Bakken Formation. 3) 
Determine the kinetics of the kerogen content and 4) using the Arrhenius equation to combine 
the variables into an index for comparison with formation pressure maps.
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The Bakken Formation is recognized as one of the primary sources of hydrocarbon in the 
North Dakota portion of the Williston Basin. It provides an avenue for hydrocarbon generation 
as well as information for evaluation of its depositional environment and basin development. 
Calculating the oil generation rate of Bakken is an efficient way of delineating oil production, 
factors behind oil generation and what enhances oil production. 
Williston Basin Evolution 
The Williston Basin is a nearly circular depression on the North American Craton 
occupying a geographic area of about 300,000mi2 (770,000 km2) that covers parts of North and 
South Dakota, Montana, and the Canadian provinces of Manitoba and Saskatchewan. It is 
bounded on the east by the Sioux Uplift; north by the Punnichy Arch, exposed Canadian Shield, 
and to the west by the Sweet Grass Arch (Figure 1). The Williston Basin started subsiding during 
the Cambrian, but the significant subsidence was in the Ordovician Period (~495 million years 
ago), and it underwent episodic subsidence throughout the rest of the Phanerozoic. It is deepest 
near Watford city in McKenzie County having a maximum thickness of 4000 meters and 
becomes both shallower and thinner towards the margins. The major structural features present 
in the basin include the Nesson anticline, the Cedar Creek anticlines and less prominent 
structural features such as the Billings anticline, Little Knife and the Poplar Dome (Figure 1). 
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Figure 1. Extent of the Williston Basin with major North Dakota structures shown. [Modified 
from Gerhard et al., 1982] 
 
Late Devonian to Early Mississippian in the Williston Basin 
The Williston Basin during the Middle and Upper Devonian Periods was a part of the 
larger western Canada Basin. At that time, it was characterized by predominantly carbonate 
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deposition with thick evaporite in the lower part (Prairie Formation) and cyclical carbonate with 
some thin clastic and evaporite beds in the upper part (Duperow, Birdbear, Three Forks).  
The Kaskaskia transgression occurred in the Late Devonian and resulted in the deposition 
of Bakken Formation. The initial deposits of the Kaskaskia sequence seem to represent a 
transgressive sea spreading across the area from the north and west, with the Williston Basin 
being part of a larger Devonian seaway where thickest deposits are in western Canada. Two 
regional sea-level rises are recorded, and an unconformity separates the older Kaskaskia I 
(Devonian) from, the younger Kaskaskia II (Lower Carboniferous or Mississippian) sequences 
(Sloss, 1988b; Gerhard et al., 1991). 
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Figure 2. Diagram showing the geologic time scale, major stratigraphic sequences of Sloss 
(1984), first and second order sea level curves from Vail and others (1977). 
 
Geologic setting of Bakken Formation 
The Bakken Formation was deposited within the Williston Basin during the Late 
Devonian to Early Mississippian age. The Williston Basin occupies a position near the center of 
a vast epicontinental sea that covered what is now the interior of western North America (Van 
Bakken 
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der Voo, Scotese, and McKerrow, 1990). During the Late Devonian in the Williston basin, block 
fault movement along a basement structure accompanied by uplift along the Sweetgrass Arch 
established a restricted seaway connection to the western craton margin (Gerhard and Anderson, 
1988; Richards, 1989). At that time, uplift of the Transcontinental, Severn and Wisconsin Arches 
redefined the eastern and northeastern margins of the Williston Basin. Structural deformation in 
the Devonian period of the Williston Basin was affected by tectonic forces arising from the 
Acadian Orogeny. Compressive stresses originated from orogenic belts along the east and west 
margins of the North American Craton. They are carried through the Precambrian basement and 
are believed to have accompanied pre-existing plate curvature, produced accelerated rates of 
subsidence within the Cratonic basins and realigned basin margins (Sleep et al., 1980; Linebeck, 
1983; Quinlan and Beamont, 1984; Quinlan, 1987). 
Deposition of the Bakken Formation began with marine transgression when rising global 
sea levels drove shorelines landward related to tectonic activity in the Antler and Acadian 
orogenic belts, an interpretation based mainly on the presence of a sharp erosional unconformity 
between the Three Forks and Bakken Formations. The Lower Bakken Member deposited (John 
et al., 1985) is a transgressive deposit that accumulated first in the North Dakota Sub-basin 
during the sea-level rise. Sea level increased as the structurally deepest part spread outwards 
towards basin margins (Thrasher, 1985; Smith et al., 1995). Wignall (1991) and Wignall and 
Maynard (1993) proposed that transgressive black shales are associated with low rates of 
sedimentation because detrital sediment is trapped near shore by rising sea level. The Middle 
Bakken Member accumulated in the interior of the Basin following a drop in relative sea level 
and gradually spread to the basin margins as accommodation space filled and relative sea level 
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began to rise. The Upper Bakken Member accumulated during the Early Mississippian sea-level 
rise event documented by Sandberg et al. (1982), Ross, and Ross (1985). 
The relative sea level during the Bakken Formation deposition was an important aspect in 
determining the type of marine depositional environment that dominated the Williston Basin. 
The changes in relative sea level (increase and decrease) are subject to the changes in 
depositional setting during accumulation 
Recent study on the Bakken upper shale member suggests that it consist of twelve fined 
grained facies categorized into five mudstone facies (Borcovsky et al., 2017). These mudstone 
facies contain bioturbation, shells and burrows indicating that the deposition is not entirely in 
anoxic environment but was probably dysoxic with limited to moderate bottom-water circulation. 
 
Figure 3. Depositional Setting- Upper and Lower Bakken Black Shales. Modified from Smith 
and Bustin (1996), Meissner et al., 1984. 
 
Stratigraphy of Bakken Formation 
The Bakken Formation was subdivided by Nordquist (1953) into three members; the 
Lower and Upper shale members, separated by the Middle member containing mixed clastic and 
carbonate lithologies. A fourth member, the Pronghorn (LeFever et al., 2011) is not present in all 
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locations of the formation.  The Bakken is overlain by the Lodgepole Formation (Mississippian) 
and underlain by the Three Forks Formation (Devonian) (Figure 4). The Bakken Formation 
extends from the surface and into the subsurface of the Canadian portion of Williston Basin. In 
the United States, it is only present in the subsurface. It reaches a maximum thickness of 160 feet 
(49m) with a distinct depocenter east and adjacent to the Nesson Anticline and Antelope 
structure in western Mountrail County. The Lower shale member (Kume, 1963) reaches a 
maximum thickness of 56 feet (LeFever, 2008) while the upper Bakken is less than 30 feet thick 
(LeFever, 2008). The shale composed of a single lithofacies and contain abundant organic 
material. The shales are hard, siliceous, pyritic, fissile, non-calcareous, organic-rich and dark 
black when wet (Webster, 1984). They have an average of total organic carbon (TOC) content of 
about 11.5% by weight (Price and Others, 1984; Schmoker and Hester, 1983; Smith and Bustin, 
1993). The shales frequently break with a smooth conchoidal to flat horizontal fracture (because 
of high quartz content). The thickness of the Middle member varies as much as 90 feet (27m) 
and contains a varied lithology; including siltstone, sandstone, dolostone and mudstone (Smith 
and Bustin, 1996, 2000; LeFever and others, 1991; LeFever, 2007a, b). The Bakken members 
demonstrate an on-lapping relation (Figure 6) showing that the overlying member covers a larger 
area than the directly underlying member.  (Carlson and Anderson, 1965; Meissner, 1978, 1982; 
Webster, 1984, 1987; Hester and Schmoker, 1985; Smith and Bustin, 1996, 2000; LeFever, 
2008). Hence, the limit of the Upper shale member is understood to be the maximum 
depositional limit for the formation because of the contact of the upper shale, and the overlying 
Mississippian Lodgepole is mostly conformable (Heck, 1978).  
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Figure 4. Williston Basin and Bakken Formation Stratigraphy (From Sonnenberg and Pramudito, 
2009; modified from Webster, 1984) 
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Figure 5. Approximate depositional limits of lower shale, middle sandstone and upper shale 
members of the Bakken Formation and location of depocenter and thickest (up to 160ft; 49m) 
section of Bakken Formation immediately east of the Nesson and Antelope anticline and fault 
structures. Approximate limits of Bakken members were determined from data compilation from 
studies of Webster ((1984), Hester and Schmoker (1985), Smith and Bustin (2000), and LeFever 
(2008) 
Isopach Map of Upper and Lower Bakken Formation 
Bakken Formation in the U.S. portion of the Williston Basin occurs in most of the 
western North Dakota and northeastern Montana. The formation thickness is highly variable. 
Local large increases in thickness in Bottineau County are possibly caused by solution and 
subsequent collapse of the extensive salts in the Middle Devonian Praire Formation. Erosion of 
the Three Forks formation might also be a contributing factor to the variability in thickness. 
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Thinning of Bakken formation in some areas can be interpreted to represent thinning over 
structural highs active at the time of deposition. The Isopach map of lower shale (Figure 6) 
shows the depocenter to be well developed during deposition of the lower shale. Figure 7, shows 
the thickness distribution of the Upper shale to be much more even than the Lower and Middle 
Members. 
 
 
Figure 6.  Lower Bakken Isopach map. Contour level 10 ft.   (Lefever and Nordeng, 2011) 
N 
12 
 
 
Figure 7.  Upper Bakken Isopach map. Contour level 5 ft.   (Lefever and Nordeng, 2011) 
 
Well Log Characteristics 
The Bakken Formation exhibit characteristic log responses that are very rare in the 
Paleozoic rock section of the Williston Basin, and it is useful as a 'marker' unit in the basin. The 
Upper and Lower shales contain a high concentration of radioactive potassium, uranium, and 
thorium. They display unusually high gamma ray readings (often greater than 800 API units) and 
are found almost always off the scale and high resistivity readings (greater than 100 ohm-meters 
in the deeper portion of the basin and less than ten ohm-meter in the shallower portion of the 
basin). The shales also exhibit slow interval transit times (300-330 microsecond/m) on sonic logs 
probably because of the high organic material content of the shales while the Middle Member 
has higher sonic velocities and lower gamma-ray signatures that are typical of clastic and 
carbonate rocks. 
N 
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Figure 8.  Typical well-log response for Bakken Formation in North Dakota (Gamma ray and 
Resistivity logs). NDIC File No 21668. SENW Sec. 34, T.153N. R.95W. Burlington Resources 
Oil & Gas Co., LP. #22-34 Uberwachen 
 
Thermal Maturity 
Thermal maturity is an important factor in determining the generation potential of a 
source rock. A source rock can be immature, mature or post-mature based on the values of 
thermal maturity. Immature source rocks at shallower depth may generate (biogenic) natural gas 
at a temperature below 50˚C. As the source rock is buried deeper with increasing temperature 
and pressure, it causes chemical changes that lead to oil generation thus mature source rock in 
the oil window. With continued burial and higher temperature, organic matter produces 
(thermogenic) natural gas. This alteration process will continue until the hydrocarbon loses its 
generation potential and it is over-mature. The Upper and Lower Bakken Shales are organic-rich, 
marine deposits that reflect paleoenvironmental conditions of remarkable spatial consistency 
14 
 
(Smith and Bustin, 1995; Smith et al., 1995). Bakken in the U.S. portion of the Basin produces 
oil from an area that is thermally mature. Areas of thermally mature source rock in the Bakken 
Formation is shown in figure 9. As hydrocarbon are generated from thermally matured rocks, 
there is an increase in the fluid volume relative to precursor solid. This causes overpressure when 
fluid escape is hindered. Unusual pressures in Bakken Formation are associated with high 
amounts of hydrocarbon generated. Meissner (1978) believed that overpressure in Bakken source 
rocks is caused by increased volume that is occupied by metamorphosed organic residue and the 
generated hydrocarbon fluids. These pressures are maintained by the combination of large 
hydrocarbon volumes generated at high rates and the relative isolation of the Bakken by 
extremely tight rocks in the underlying Three Forks and overlying Lodgepole Formations. 
15 
 
 
Figure 9.  Areas of thermally mature; oil generating source rocks of Bakken formation (USGS, 
2010) 
 
Kerogen 
Kerogen is a complex mixture of high-molecular weight organic matter (OM) in 
sedimentary rocks. It is practically defined as organic matter that is insoluble in an organic 
solvent. Kerogen is believed to be the starting material for most oil and gas generation. During 
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burial, the temperatures increase, and causes the organic matter to condense into an insoluble 
organic matter known as kerogen. As temperature continues to increase, kerogen continues its 
conversion resulting in liquid and or gaseous petroleum compounds. The amount of hydrogen in 
the kerogen reduces as it converts to oil. Kerogen may be classified into four categories are often 
distinguished based on hydrogen, carbon and oxygen content. Each type of kerogen has a 
definite bearing on the kind of petroleum, if any, that it will produce. 
Table 1: Classification of Kerogen Based on Hydrogen Content (http://wiki.aapg.org/Kerogen). 
 
Type I and type II kerogens are responsible for producing oil and hydrocarbon gas; type 
III with lesser hydrogen content will produce mainly natural gas. There is little or no 
hydrocarbon generation when hydrogen is removed from the kerogen, regardless of the amount 
of carbon present.  
Organic Maturity 
The Bakken Formation in Williston Basin has provided a research avenue to study 
petroleum generation, using determinations of total organic carbon and crackable hydrocarbon 
within the basin; Meissner (1978) describes the stratigraphy, reservoir properties, geochemical 
properties, petrophysical properties, theory and controls for localizing reservoir fracturing in 
Bakken Formation by hydrocarbon generation. Analyses suggest that the Bakken Formation is 
unusually rich in organic carbon though it may also contain a considerable amount of inorganic 
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carbonate material. Petrophysical studies of the Bakken also imply that generated oil is expelled 
from the rock as a continuous porosity-saturating phase through an oil-wet rock matrix. 
Schmoker and Hester (1990) obtained measurements of formation resistivity of upper and lower 
Bakken to use as an indicator for oil generation. They concluded that the cutoff for mature 
formation (>35Ω-m) or immature formation (<35 Ω-m) turns out to be 35 ohm-m. Schmoker and 
Hester (1983) also worked on the organic carbon in the Bakken shales and estimated how to 
calculate the total organic carbon content from formation density logs. Webster (1984) suggests 
that the derivation of organic matter from planktonic algae in offshore marine environments 
result in very organic-rich black shales and that the amorphous-sapropelic kerogen in the Bakken 
shales has a high hydrogen content (HI) making it an excellent petroleum source material. Hester 
and Schmoker (1983) concluded that the isopach pattern of the Lower and Middle Bakken are 
similar which implies a continuity of basic dynamics while the Upper Member Isopach shows 
that sedimentation shifted to the southeast and was limited primarily to the North Dakota portion 
of the Williston Basin. Jarvie, D.M., 2001 suggests that Bakken oils are enriched in carbon-5 
ring light hydrocarbons that are characteristic of clay-rich, marine shale source. Jin and 
Sonnenberg (2014) characterized the source rock potential of the Bakken Shale and found that 
the Bakken contains a mixture of type I and type II kerogen in the deep basin and type II/III 
along the margins.  
Arrhenius Equation 
Explanation to the question of reaction kinetics in source rock recognizes that reaction 
rates are sensitive to temperature and time. The effect of temperature on the rate of reaction is 
normally described by the Arrhenius equation; 
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Eq 1     𝐾 (
𝑑𝑥
𝑑𝑡
) = Ae-Ea/RT   
Where: 
K= Rate of reaction with respect to time (moles/m.y)  
A = Frequency factor (min-1) 
Ea = Activation Energy (kJ/mol) which is the minimum quantity of energy the reactants must 
acquire to undergo a specified reaction 
T = Reaction Temperature (°k) 
R = Gas Constant (kJ/mole-˚K) 
Mass of Reactive Kerogen 
Calculating the mass of the reactive kerogen (mg) is important in delineating the rock 
properties and the amount of kerogen that can generate oil. It is derived from Rock-Eval S2, the 
measurements of the rock bulk density and the thickness of the source beds.  
Rock-Eval S2 is the mass of crackable hydrocarbon in mg HC/g of rock. At elevated 
temperatures, kerogen which is the complex organic molecule are broken down into lighter 
hydrocarbons at a higher temperature (300 - 600℃).  The bulk density is a significant parameter 
for measuring the source rock properties. It encompasses the matrix density, porosity, and fluid 
density. The thickness is the distance across the strata of rock, measuring the difference between 
the top and bottom of a Bakken Formation. 
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Hypothesis 
Higher reaction rates will correspond to areas of over-pressure;  
Hence, over-pressure related to the rate of generation can be linked to temperature and 
parameters that describe the kinetics of kerogen produced using the Arrhenius Instantaneous 
equation (eq 1). 
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CHAPTER II 
METHODS 
Study Area 
Ten wells were used in this study. These wells are distributed across the North Dakota 
portion of the Williston basin so that mapping of the reaction rate is made possible. The selected 
wells are active, inactive, PA (Plugged and Abandoned) and dry holes. The list of wells used in 
this study is found in table 2 below. The analysis was carried on crushed samples taken at every 
foot from Upper and Lower Bakken.  
Table 2: List of Wells and their API Number. 
Well Name API Number NDIC No Depth to Bakken 
(ft) 
St-Andes 151-89-2413-H-1 33061006530000 17043 9070 
State ND 1-11H 33061004980000 16160 9424 
SARATOGA 12-1-161-92H 33013016670000 22572 8060 
Uberwachen 22-34 33053038190000 21668 10292.7 
MHA 1-18H-150-90 33055001140000 17434 9813.3 
18413-HEIDI_1-4H 33105017560000 18413 10730 
Dobrinski 18-44 33101002600000 8177 8621 
Braaflat 11-11H 33061006410000 17023 9864 
McAlmond 1-05H 33061005870000 16862 8870.1 
N&D 1-05H 33061005210000 16532 9410 
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Figure 10. Location map of 10 wells selected from different counties. 
 The following methods were employed: 
Reaction Rate 
Estimating the rate at which a kerogen generates oil requires a knowledge of the 
frequency at which potential reaction collision occurs, the minimum energy required for the 
reaction to take place and the level of thermal maturity of the source rocks. Tissot and Ungerer, 
1987 presented a predictive model for oil generation using the Arrhenius equation: 
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Eq 2:    K(
𝑑𝑥
𝑑𝑡
) = Ae-Ea/RT*X  
K= Rate of production with respect to time (mol-mg/cm2-m.y)  
A = frequency factor (min-1) 
Ea = Activation Energy (kJ/mol)  
T = Temperature (°kelvin) 
R = Gas Constant (kJ/mol-˚K) 
X = mg/cm2  
 In this study, the values of activation energy and frequency factor were experimentally 
determined (Kinetic analysis). 
Kinetic Analysis 
Theory of kinetics of chemical reaction is important in understanding the evolution of oil. 
Values of activation energy and corresponding frequency factor were generated from 
programmed pyrolysis. For each determination, seven samples were crushed at the depth of 
Upper Bakken and Lower Bakken. The analysis used Weatherford Source Rock Analyzer and 
involved a programmed pyrolysis using seven heating rates (2, 2, 5, 10, 25, 50, 50 ℃/min). The 
raw data from the analysis consist of the relative mass of hydrocarbon detected and the 
corresponding temperature (Figure 11).   
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Figure 11. Pyrograms obtained by Source Rock Analyzer with Y-axis scaled to maximum mass 
recorded. This maximum mass defines the Tp for each heating rate. 
Kissinger method in which the rate kerogen decomposes is assumed to be the first order 
reaction was employed for this experiment. This reaction obeys the Arrhenius equation with 
respect to temperature and is defined as: 
Eq 3:    
𝑑𝛼
𝑑𝑡
= 𝐴𝑒𝑥𝑝 (
−𝐸𝑎
𝑅𝑇
) (1 − 𝛼)      
Where  
dα/dt = transformation rate 
α = fraction of kerogen converted 
t = time (min) 
A = frequency factor (min-1) 
Ea = activation energy (kJ/mole) 
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R = gas constant (kJ/mole-˚K) 
T = temperature (˚K) 
Kissinger (1957) designed an equation to give a solution to Arrhenius equation in Eq. 3 
for a constant heating rate β. This solution shows that the temperature corresponding with the 
maximum reaction rate shifts with the heating rate β in accordance with activation energy and 
frequency factor. It is defined as:  
Eq 4:    ln (
𝛽
Tp2
) = ln (
𝐴𝑅
𝐸𝑎
) −
𝐸𝑎
𝑅Tp
      
Where: 
Ea = Activation Energy (kJ/mole) 
R = Gas Constant (0.008314) kJ/mol-˚K 
A = Frequency Factor (min-1) 
Tp= Temperature causing maximum reaction rate (˚K) 
β = Heating Rate (˚K/min) 
Equation 4 was used to find the activation energy Ea and frequency factor A from the 
plot of ln(β/Tp2) versus 1/Tp (figure 6). A linear trendline of the plot has a negative slope equal to 
Ea/R and intercept equal to the Ln (AR/Ea). The activation energy results from multiplying the 
slope by the gas constant (0.008314 kJ/mol-˚K) and frequency factor results from inserting all 
the variables into the expression of intercept and solving for A. An example is given in below 
𝐸𝑎
𝑅
= 𝑆𝑙𝑜𝑝𝑒 
Therefore: Ea = Slope * R 
Example: 
-24959.4 * 0.008314 = 207.5124 
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Table 3. Tp and Measured Temperature Data Used for the Derivation of Activation Energy and 
Frequency Factor. Data From NDIC file 17043. Sec. 24, T.151S., R89E. Hess Corporation., LP 
#151-89-2413H ST-ANDES. 
 
Tρ (℃) Tp (˚K) 
Heating Rateβ 
(℃/min) Ln (β/Tρ²) 1/Tρ 
435.95 709.10 5.00685 -11.51718621 0.001410238 
448.02 721.17 10.03826 -10.85534629 0.001386636 
465.46 738.61 25.25733 -9.98042353 0.001353894 
483.69 756.84 50.99557 -9.32655623 0.001321289 
484.17 757.32 50.95004 -9.328726214 0.001320446 
418.78 691.93 1.99984 -12.38588762 0.001445243 
419.43 692.58 1.99985 -12.38777781 0.001443877 
 
 
 
Figure 12. Tp and measured temperature data used for the derivation of activation energy and 
frequency factor. Data from NDIC file 17043. Sec. 24, T.151S., R89E. Hess Corporation., LP 
#151-89-2413H ST-ANDES. 
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Inserting the slope into the expression for the intercept (23.69508 = ln (AR/Ea)) results in 
a frequency factor.  
Because of error which might arise from small variations in peak reaction temperature 
and other experimental noise, confidence ellipse, a region of parameter space within which the 
fitted kinetic parameters are statistically permitted to lie was calculated for each determination of 
kinetics (figure 13).  
Using the equation for the statistical compensation effect: 
Eq 5:    𝐸𝑎𝑎 = 𝑅𝑇𝐻 ln 𝐴𝑎 + 𝐸𝑎𝑐 
Solving for Eac: 
Eq 6:    𝐸𝑎𝑐 = 𝐸𝑎𝑎 − 𝑅𝑇𝐻 ln 𝐴𝑎 
R = Gas constant (0.008314 kJ-oK/mol) 
TH = Harmonic mean of the peak reaction temperatures. 
Eac = Corrected activation energy 
Barrie (2012) presented a theory behind the statistical compensation effect and he proves 
that temperature in error in non-isothermal kinetic analysis will produce an error ellipse. His 
results show that values of ln A and Ea are determined from the intercept and linear regression fit 
and they lie within the region of parameter space in Figure 13. The slope of the error ellipse is 
given by R*TH of temperatures used. 
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Figure 13. Confidence ellipse showing the region of permitted values of ln A arising from fitting 
kinetic data to Arrhenius equation. Values lying within the ellipse gives an acceptable fit to the 
experimental data (dashed lines are graphically representation of the equation) 
Waples et al., (2010) argue that there is not enough variation in kerogen composition 
within the Bakken Formation to affect the frequency factor. Their paper claimed that the 
frequency factor is constant for Bakken Formation and that the variation in activation energy is a 
reflection of the organic maturity. This constant value also supports the transition state theory. 
The transition state theory suggests that the activation entropy is not seriously in error because 
the overall entropies of activation for organic decomposition are typically small (Willems and 
Froment, 1988). Hence a constant value of frequency factor (ln A = 61.82) was used for the 
study as shown in figure 14. 
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Figure 14. The average value of ln (Aa) for the ten wells in Table 2 (an average is used for the 
wells with multiple analyses) is 61.82 (2.2 X 1013 sec-1) with a standard deviation (s) of 1.65. 
(Nordeng in review, 2017) 
 
Mass of Reactive Kerogen 
The calculation of the mass of kerogen was based on the mass of hydrocarbon that is 
liberated observed from S2 (programmed pyrolysis), the density of the source rock (g/cm
3) and 
the thickness (cm) of the source beds. This calculation estimates the total mass of reactive 
kerogen in prism that is in an area of 1cm2 that extends through the Upper and Lower Shales of 
Bakken defined as:  
Eq 7:    X = S2 x 𝜌𝑏  x Thickness  
X = Mass of reactive kerogen (mg/cm2) 
S2 derived from source rock pyrolysis (mg HC/g rock) 
𝜌𝑏 = Density (g rock/cm3) 
Thickness of the source rocks (cm) 
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To determine the amount of crackable hydrocarbon present, source rock analysis was carried out 
on the rock samples. 
Source Rock Evaluation 
Programmed pyrolysis (Rock-Eval equivalent) gives an insight into the chemical makeup 
and maturity of organic matter present in a source rock. The amount of hydrogen present in the 
kerogen is the most important factor in the determination of the capacity of source rock to 
generate petroleum. The hydrogen index (HI) from the source rock analysis measures the amount 
of hydrocarbon that could generate petroleum relative to the total organic carbon content in the 
rock (HI = 100 x S2/TOC). Hence, HI reduces with an increased thermal maturation of the source 
rock; however, it might not be the case over the entire range of HI for all kerogen types (Lewan 
and Ruble, 2002). The oxygen index measures the amount of CO2 relative to total organic 
carbon, defined as 100 x S3/TOC. It is associated with the amount of oxygen present in the 
kerogen and can help in tracking kerogen maturation and source material. These indicators are 
important in tracking kerogen type and maturity.  
Method of Analysis 
The core samples are crushed at every foot of the Upper and Lower Bakken for the ten 
wells. Approximately 60 - 80 mg of the crushed sample are accurately weighed into an SRA 
crucible and placed in the SRA-Agilent autosampler. The autosampler transfers the crucible from 
the autosampler tray to the SRA pedestal that is raised, putting the sample into the 300℃ oven. 
The sample is held at 300℃ for 3 minutes. During this isothermal heating period, free 
hydrocarbons are volatilized and detected by the FID detector and are measured as milligrams 
(mg/HC) of S1 per gram of rock. Free CO2 is simultaneously liberated and detected by an IR cell 
and reported as milligrams (mg/CO2) of S3 per gram of rock up to 400℃. 
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After the isothermal period, the temperature is ramped at 25℃/minute to 600℃. Between 
300℃ and 600℃ hydrocarbons are generated from the pyrolytic degradation of the kerogen in 
the rock. This is roughly equivalent to the generative potential of the rock. The hydrocarbons are 
detected by the FID, labeled as S2, and reported as milligrams (mg/HC) of S2 per gram of rock. 
At the end of pyrolysis, the oven is cooled to 580℃ and the carrier lines are purged for 5 
minutes. The oven is cooled below 600℃ to ensure that no pyrolysis components are released 
during oxidation. The oven is then held at isothermal conditions at 580℃ while the sample is 
purged with air to oxidize the remaining residual organic carbon. During this time, carbon 
monoxide (CO) and CO2 are measured with the IR cells to determine S4. 
An example of the process is shown in Figure 15.  
 
Figure 15. Summary of Source Rock Analysis. 
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S1 (mg Hc/g rock) = Mass of free hydrocarbon (300˚C) present in the sample before analysis 
S2 (mg Hc/g rock) = Mass of crackable hydrocarbon (300˚C - 600˚C) formed during thermal 
pyrolysis 
S3 (mg/CO2 /g rock) = Amount of CO2 generated during thermal breakdown of kerogen 
S4 (mg carbon/g rock) = Residual Carbon content of the sample 
Tmax (˚C) = Temperature required for maximum hydrocarbon generation 
FID = flame ionization detector, detects the HC present in the sample 
Density 
Understanding the concept of bulk density is a key factor in understanding the rock 
properties (matrix density, porosity, and fluids contained in the pore space). Digitized and raster 
(image) Compensated Neutron Density logs were downloaded from www.dmr.nd.gov/oilgas/ 
and uploaded on Petra software. The raster logs were digitized manually at the depth of Bakken 
Formation, stratigraphically from Upper member to Lower member. The log statistics were 
computed for the arithmetic mean calculation using; 
Eq 7:     𝜌𝑏 = 𝜌𝑚𝑎(1 − ∅) + ∅𝜌𝑓. 
 Where: 
 𝜌𝑏 = Bulk density (g/cm3) 
 𝜌𝑚𝑎 = Matrix density, 
 ∅ = Porosity 
 𝜌𝑓 = Fluid density.  
The density calculation were made on every foot on the log from Upper Bakken and 
Lower Bakken for the study wells. The calculated density logs were exported as tabular ASCII 
data and the average density of Upper Bakken (top depth to lower depth) and Lower Bakken (top 
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depth to lower depth) recorded (see Appendix C). These average densities were used for the 
calculation of mass of kerogen. 
Formation Thickness 
Bakken formation thickness were taken directly from gamma ray logs (see figure 8) on 
Petra software. Because Bakken is easily recognized on wireline logs, the formation and member 
tops depth of Bakken formation were exported as a tabular file.  
The thicknesses of the Upper and Lower Bakken were added and used for the calculation 
of the mass of reactive kerogen.  
Temperature Determination 
Temperature is an important factor in the transformation of organic matter to 
hydrocarbon (maturation) and determines the resultant hydrocarbon type. The higher the 
temperature, even for a short period, the higher the tendency for a source rock to generate oil. 
Temperatures were calculated using methods of examining bottom-hole temperature (BHT) 
correction, and a method for predicting the temperature at depth for a well using thermal 
conductivity, formation lithology, thickness, and heat flow data. The model to predict the 
temperature at depth is called TSTRAT (Gosnold et al., 2012). TSTRAT was applied in the 
calculation using heat flow q, Temperature gradient (dt/dz), varies inversely with thermal 
conductivity (λ) according to Fourier's law q= dt/dz. Therefore, temperature at depth can be 
calculated from: 
Eq 8:    T(z) = To + ∑
𝑞𝑧𝑖
𝜆𝑖
𝑛
𝑖−1   
To = surface temperature  
q = heat flow 
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λ = thermal conductivity 
zi = formation thickness 
Typical data for the calculation of TSTRAT is presented in table 4. 
Table 4. Typical data table for calculation of the temperature. NDIC file 17434. NENW Sec. 18, 
T.150N., R.90W. Corinthian Exploration, (USA) Corp., LP. #9-33 1-M 2-Brenden. Λ from 
Gosnold et al., 2012, Heat flow data from McDonald, 2015. Formation tops from 
www.dmr.nd.gov/oilgas 
 
Strat Age Temp (℃) λ (W/m/K) Depth (m) Thickness (m) q (mW m-2)
Surface 0 0 1.1 0 0 0.045
Pierre Fm 74.8 31.3 1.1 556 556
Greenhorn Fm 97.5 57.2 1.2 1252 696
Mowry Fm 99.6 61.7 1.2 1373 121
Inyan Kara Fm 128 65.9 1.6 1487 114
Swift Fm 145.5 69.1 1.2 1601 114
Rierdon 170 74.3 1.6 1739 138
Spearfish Fm 201.6 78.6 1.6 1892 153
Tyler Fm 310 84.8 2.7 2170 278
Kibbey Fm 322 87.1 2.7 2304 134
Mission Canyon Fm 335 92.3 2.49 2362 58
Lodgepole Fm 348 94.5 2.49 2720 358
Bakken Fm 357.8 99.0 1.1 2968 248
 Two wells also have deep temperature profiles measured after production ended. These 
are equilibrium temperatures. However, there is slight error between TSTRAT and the measured 
temperature. The known temperatures were mapped (Nordeng and Onwumelu in prep) and 
extrapolated to the remaining eight wells and these temperatures were used for the calculation of 
the production rate index.  
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CHAPTER III 
RESULTS AND DISCUSSIONS 
The following results are presented from methods used in this project; they were put forth 
from detailed reviews, descriptions, analysis and experimental fronts to give an interpretation of 
findings in study area. 
Kinetic Analysis 
Activation energy Ea is an important part of the kinetics of chemical reaction. The higher 
the temperature, the faster the chemical reaction will occur. Results show that activation energy 
is higher in wells with high temperature compared to ones with lower temperature. The reported 
Tmax for the samples suggests that the present kerogen is between immature to over-mature 
which are required for intense oil generation (429 - 449℃). The plot of Eac versus Tmax in figure 
16 shows a good correlation. Table 5 are list of wells with their corrected activation energy using 
a constant frequency factor. 
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Table 5. List of wells with Tmax and Ea (Ea derived from kinetic analysis using frequency factor 
ln A 61.82). 
 
Well Name API Number       Eac (kJ/mole)        Tmax (℃)
St-Andes 151-89-2413-H-1 33061006530000 222.5178977 424.39
State ND 1-11H 33061004980000 227.5488851 441.49
SARATOGA 12-1-161-92H 33013016670000 225.6605572 435.78
Uberwachen 22-34 33053038190000 231.745496 449.21
MHA 1-18H-150-90 33055001140000 226.9447325 429.05
18413-HEIDI_1-4H 33105017560000 229.0322914 442.99
Dobrinski 18-44 33101002600000 222.1731253 421.73
Braaflat 11-11H 33061006410000 225.1227465 430.34
McAlmond 1-05H 33061005870000 223.3091764 424.37
N&D 1-05H 33061005210000 223.8241827 427.66
 
 
 
    Figure 16: Plot of Eac versus Tmax for study wells. 
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Total Reactive Kerogen 
Kerogen at elevated temperature and pressure generates petroleum. The mass of kerogen, 
derived by the thickness of the source rock multiplied by the density of the source rock and S2 
(mgHC/g of rock) from pyrolysis. Below are the results from source rock analysis, density 
calculations and thickness. 
Table 6. Average of Results from Source Rock Analysis for Ten Wells used in the Study. 
(complete data are found in appendix D) 
 
Well Name S1 S2 S3 Tmax TO C HI O I PI
St-Andes 151-89-2413-H-1 5.75 99.63 0.94 424.39 15.75 621.97 6.17 0.05
State ND 1-11H 7.43 47.38 0.42 441.49 12.00 391.42 3.60 0.15
Uberwachen 22-34 9.45 16.82 0.45 449.21 11.43 146.04 4.20 0.36
SARATOGA 12-1-161-92H 6.91 89.58 0.38 435.78 15.59 566.00 2.51 0.08
Dobrinski 18-44 3.66 45.89 1.27 421.73 11.03 365.75 12.48 0.09
Braaflat 11-11H 8.73 79.99 0.60 430.34 14.42 533.77 4.49 0.11
N & D 1-05H 9.43 75.74 0.82 427.66 14.39 521.03 5.87 0.11
McAlmond 1-05H 8.12 80.68 0.73 424.37 14.42 526.21 5.98 0.11
MHA 1-18H 9.86 80.10 0.64 429.05 15.32 513.47 4.56 0.12
HEIDI 1-4H 5.32 44.28 0.23 442.99 12.31 359.00 2.00 0.11  
The results presented in the table 7 are average of the calculated densities, thickness and 
S2 from source rock analysis. Higher masses are dependent on the amount of crackable 
hydrocarbon present in the rock sample.
 
 
 
Table 7. The calculated thickness, S2, density and the resulting mass of kerogen. 
Well Name     Well API No   Thickness (cm)    S2 (mg)     Density (g/cm3)    Mass of Kerogen (mg/cm2)
State ND 1-11H 33061004980000 1545.336 47.38 2.269295 166153.286
18413-HEIDI_1-4H 33105017560000 1234.44 47.44 2.254446 132024.4915
McAlmond 1-05H * 33061005870000 1036.32 80.684333 2.200167 183966.498
Uberwachen 22-34 33053038190000 1402.08 16.821395 2.3505 55436.40615
Braaflat 11-11H * 33061006410000 1188.72 79.9878 2.236585 212661.4299
MHA 1-18H-150-90* 33055001140000 1249.68 80.097941 2.346535 234880.6332
St-Andes 151-89-2413-H-1 33061006530000 960.12 99.63 2.383826087 228029.0694
SARATOGA 12-1-161-92H 33013016670000 1219.2 89.582 2.284915 249554.7019
Dobrinski 18-44 * 33101002600000 731.52 45.890476 2.263961538 76000.73864
N&D 1-05H * 33061005210000 1463.04 75.738421 2.206857143 244538.1756
 
*= Wells from NDIC 
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Table 8. List of Wells with Calculated TSTRAT Temperature, Measured Temperature, Extrapolated Temperature Values and the 
Error. Extrapolated Temperature from Nordeng and Onwumelu in Prep, 2017. 
 
Well Name API No TSTRAT Temp (˚K) Measured Temp (˚K) Extrapolated Temp (˚K) 
State ND 1-11H 33061004980000 384.673 384.15 384.15 
18413-HEIDI_1-4H 33105017560000 403.95 * 395.15 
McAlmond 1-05H 33061005870000 359.95 * 372.15 
Uberwachen 22-34 33053038190000 418.25 * 402.15 
Braaflat 11-11H 33061006410000 379.85 * 379.15 
MHA 1-18H-150-90 33055001140000 372.15 * 367.15 
St-Andes 151-89-2413-H-1 33061006530000 356.18 358.15 358.15 
SARATOGA 12-1-161-92H 33013016670000 378.45 * 376.15 
Dobrinski 18-44 33101002600000 352.05 * 354.15 
N&D 1-05H 33061005210000 369.35 * 373.15 
 
These extrapolated temperatures were used in the calculation of the production rate index. 
3
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Temperature 
Temperature is an important factor in delineating the rate at which a reaction occurs. As 
temperature increases, the rate of reaction increases. Results show that calculated temperature are 
higher at the interior basin and lower at the margin. These variation in temperature are due to 
non-uniformity of heat flow around the basin. The extrapolated temperature was compared with 
TSTRAT and the error given in table 8 above. 
Current Production Rate Index 
The rate at which kerogen mass converts into oil was calculated using the Arrhenius 
equation. It combines all the variables involving the frequency factor (Ae), minimum energy 
required for the reaction to take place (Ea), the gas constant (R), temperature at the depth of 
formation (T) and the mass of reactive kerogen (X) into an index for comparison with formation 
pressure map and results are shown in table 9. The calculated production rate index map is found 
in figure 17.  
 
 
 
 
 
 
 
 
 
Table 9. Calculated Production Rates Index of the Ten Wells. 
 
Well Name 
NDIC 
FILE No 
 
Well 
Status 
Depth to 
Bakken 
Thickne
ss (cm) 
S2 
(mg) 
 
Density 
g/cm3 
 
Mass of 
Kerogen 
 
Temp 
(˚K) 
 
ln A 
 
exp A 
 
R 
 
Eac 
Index 
(mol-mg-
cm2/M.Y) 
State ND 1-11H 16160 
 
PA 
9424 1545.34 47.38 2.27 166153.29 384.15 61.82 7.E+26 
 
0.008314 
227.55 13.38 
18413-HEIDI_1-4H 18413 
 
A 10673 716.28 44.28 2.27 71997.31 395.15 61.82 7.E+26 
 
0.008314 229.03 26.85 
McAlmond 1-05H 16862 
 
A 
8803 1036.32 80.68 2.20 183966.50 372.15 61.82 7.E+26 
 
0.008314 
223.31 5.86 
Uberwachen 22-34 21668 
 
DRY 
10230 1402.08 16.82 2.35 55436.41 402.15 61.82 7.E+26 
 
0.008314 
231.75 30.84 
Braaflat 11-11H 17023 
 
A 
9865 1188.72 79.99 2.24 212661.43 379.15 61.82 7.E+26 
 
0.008314 
225.29 13.71 
MHA 1-18H-150-90 17434 
 
A 
9736 1249.68 80.10 2.35 234880.63 367.15 61.82 7.E+26 
 
0.008314 
226.94 0.85 
St-Andes 151-89-2413-H-1 17043 
 
IA 
9077 960.12 99.63 2.38 228029.07 358.15 61.82 7.E+26 
 
0.008314 
222.52 0.56 
SARATOGA 12-1-161-92H 22572 
 
A 
7969 1219.2 89.58 2.28 249554.70 376.15 61.82 7.E+26 
 
0.008314 
225.66 8.08 
Dobrinski 18-44 8177 
 
DRY 
8621 731.52 45.89 2.26 76000.74 354.15 61.82 7.E+26 
 
0.008314 
222.17 0.09 
N&D 1-05H 16532 
 
A 
9413 1463.04 75.74 2.21 244538.18 373.15 61.82 7.E+26 
 
0.008314 
224.19 7.12 
PA = Plugged and Abandoned 
A = Active 
IA = Inactive 
 
4
0
 
41 
 
 
Figure 17. Map of the Production Rate Index showing areas of highest production in red color and 
lower reaction in purple. 
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CHAPTER IV 
DISCUSSION 
The Lower and Upper shales contain abundant organic material predominantly Type II 
kerogen (figure 18) with consistent lithology throughout the basin, and they serve as seal owing 
to their low permeability (ranges from 0.01–20 mD). Their average organic carbon content is 
roughly 15 percent (figure 19) (Webster,1982a, 1982b; Schmoker and Hester, 1983), far above a 
commonly accepted source rock minimum of 0.5 percent for shales (Tissot and Welte, 1978). 
The shales are mature at the interior basin having a TMAX >435˚C, the threshold of oil 
generation (Bustin et al., 1990) and becomes immature as it reaches the basin margin with 
TMAX <435˚C. Comparing the low HI and smaller TOC in the mature areas with immature 
areas (figure 20) indicate changes in organic matter composition that Price et al., (1984) and 
Meissner (1991) propose as characteristics of deeper burial and higher post-burial temperatures 
that lead to hydrocarbon generation and migration. In the mature areas, smaller TOC, and lower 
HI values compared with the results from production rate calculation shows that wells at the 
interior basin have the highest reaction rate forty times (30.84 mol-mg-cm2/M.Y) higher than the 
immature areas. This higher production rate shows that they are over-pressurized and tend to 
exhibit better porosity than would be predicted. Wells in the immature areas has the least 
reaction rate of 0.09 mol-mg-cm2/M.Y. The mechanism causing over-pressure might be intense 
hydrocarbon generation from thermally matured and excellent quality source rock. The reaction 
rate calculated is consistent with current oil generation that may maintain overpressure.
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Source Rock Analysis 
Source rock analysis are for evaluation of the following indicators described below: 
Hydrogen Index (HI) 
The original genetic type of organic matter is fundamental for determining oil and gas 
potential. Waples (1985) used hydrogen index values (HI) to differentiate between the types of 
organic matter. Hydrogen Index (HI) <150 mgHC/g indicate a source is generating type III 
kerogen. HI between 150 and 300 mgHC/g will incorporate more type III and lesser type II and 
capable of producing mixed gas and oil but mainly gas. Samples with HI >300 contains a 
significant amount of type II kerogen and have the capability to produce of producing oil and 
lesser gas primarily. HI >600 contains roughly type I or type II kerogen and are an excellent 
source of oil. Results from the source rock analysis show that HI (<200) is lowest within the 
wells in the central basin showing highly mature to over-mature (an example is UBERWACHEN 
22-34). Similarly, areas with Highest HI (>600) indicate low maturity and are at the outer portion 
of the basin. Bakken source rocks exhibit type I and type II kerogen for both immature and 
mature source rocks (Figure 18). Summary of data compiled from the Bakken source rock 
analysis is presented in table 5 
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Figure 18. A) is NDIC file 16160. Sec. 11, T.158N., R95W. Amerada Hess Corporation., LP #1-
11H STATE ND exhibiting type II –III Kerogen showing maturity. B) is NDIC file 17043. Sec. 
24, T.151S., R89E. Hess Corporation., LP #151-89-2413H ST-ANDES, immature and exhibiting 
type II kerogen. 
 
B 
A 
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Oxygen Index 
Oxygen index (OI) correlates the ratio of oxygen to carbon present in the rock sample. It 
is defined as milligrams of pyrolyzable organic carbon dioxide divided by total organic carbon 
content 𝑂𝐼 =
100∗𝑆3
𝑇𝑂𝐶
 
Oxygen index is mainly higher in poor hydrogen kerogen and is derived mostly from 
terrestrial plant material (cellulose and lignins). Results show OI are higher in areas that are 
thermally matured showing production and reduced hydrogen index. The four types of kerogen 
were discriminated by the cross plots of oxygen index (OI) and hydrogen index (HI) (Figure 19 
above). 
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Figure 19. A) is NDIC file 16160. Sec. 11, T.158N., R95W. Amerada Hess Corporation., LP #1-
11H STATE ND exhibiting Lower HI and higher OI showing production. B) is NDIC file 17043. 
Sec. 24, T.151S., R89E. Hess Corporation., LP #151-89-2413H ST-ANDES, showing higher HI 
and moderately OI. 
A 
B 
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Production Index 
Production Index (PI) describes the transformation level of organic matter. PI is 
determined from source rock pyrolysis S1 and S2 defined as 𝑃𝐼 =
𝑆1
𝑆1+𝑆2
  
Where S1 is the mass of free hydrocarbon mgHC/g rock and S2, the mass of crackable 
hydrocarbon mgHC/g present in the rock sample. PI ranges from immature zone (<0.1) to gas 
generation/oil cracking (>0.3). Data shows that PI are lower for immature source rock and are 
within the basin margin while higher PI are within the thermally mature source rocks within the 
basin center. Cross plot of PI versus the TMAX (Figure 20) shows that samples with higher 
pyrolysis TMAX has a greater level of kerogen conversion and are within the interior basin. 
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Figure 20. A) is NDIC file 16160. Sec. 11, T.158N., R95W. Amerada Hess Corporation., LP #1-
11H STATE ND with high level of kerogen conversion showing maturity. B) is NDIC file 
17043. Sec. 24, T.151S., R89E. Hess Corporation., LP #151-89-2413H ST-ANDES, immature 
with production index < 0.1 
A 
B 
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Quality and Quantity of Organic Matter (TOC%) 
The richness of organic matter is important for the evaluation of the sediment as a source 
potential. Tissot and Welte (1994) suggested a scale for estimating source rock potential based 
on TOC and S2 from source rock pyrolysis. The data obtained from pyrolysis (table 1) show that 
total organic carbon content values are between 11 and 15 wt.% implying they are excellent 
source rock. The values are confirmed from the plot of TOC (wt.%) versus S2 (mg/HC) in figure 
21. Pyrolysis Tmax results also show that the hydrocarbon potential is lower in high maturity 
areas than in the immature areas.  
 
Figure 21. Plot of S2 versus TOC. NDIC file 16160. Sec. 11, T.158N., R95W. Amerada Hess 
Corporation., LP #1-11H STATE ND is mature while NDIC file 17043. Sec. 24, T.151S., R89E. 
Hess Corporation., LP #151-89-2413H ST-ANDES is immature. 
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Figure 22. A) is NDIC file 16160. Sec. 11, T.158N., R95W. Amerada Hess Corporation., LP #1-
11H STATE ND with lower hydrocarbon potential showing that production has taken place. B) 
is NDIC file 17043. Sec. 24, T.151S., R89E. Hess Corporation., LP #151-89-2413H ST-ANDES, 
immature and higher hydrocarbon potential. 
B 
A 
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The map below (figure 23) shows that there is no production at the basin margin where 
we have low pressure. Areas of high pressure corresponds to high reaction rate. 
 
Figure 23. Map of formation pressure with the reaction rate bubble map placed on it. Formation 
pressure map modified by Theloy and Sonnenberg, 2013. Wells with high reaction rate are found 
on the pressure map. No production at the basin margin.
P Gradient (psi/ft) 
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CHAPTER V 
CONCLUSION 
In this study, the ten wells ranged from immature to thermally mature. Breakdown of 
kerogen increases enormously in the Bakken shales at the deeper portion of the Williston Basin. 
The maturity of Bakken is not uniform across the basin, and the areas of high hydrocarbon 
generation lie within the interior basin where the heat flow is deeper and hotter. 
The determination of TOC values provides only semi-quantitative scale of petroleum 
generation; it indicates quantity and not the quality of the organic matter. Figure 22 shows that 
samples from the study wells both immature and mature contain excellent TOC. These organic 
rich source rocks has/could generate enormous amount of hydrogen in the presence of higher 
temperature 
Temperature and pressure are factors that drive the conversion of organic matter to oil 
and may be tied to production. Evaluating oil generation rate could better define the limits of 
resource play, and it will aid in the search for new resources.  
The rate of production does not wholly depend on the amount of organic matter but also 
the conversion temperature.  The thickness, the thermal maturity, total organic carbon (TOC) 
contents and source rock kinetics controlled the amount of oil generated and expelled from the 
shales. 
Wells with lowest reaction rate are at the edge of the basin while wells within the non-
zero reaction rate are within the over-pressurized areas. Hence, my hypothesis is correct.
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APPENDIX A 
LIST OF WELLS AND API NUMBER 
 
Well Name API Number NDIC No 
Depth to Bakken 
(ft) 
St-Andes 151-89-2413-H-1 33061006530000 17043 9070 
State ND 1-11H 33061004980000 16160 9424 
SARATOGA 12-1-161-92H 33013016670000 22572 8060 
Uberwachen 22-34 33053038190000 21668 10292.7 
MHA 1-18H-150-90 33055001140000 17434 9813.3 
18413-HEIDI_1-4H 33105017560000 18413 10730 
Dobrinski 18-44 33101002600000 8177 8621 
Braaflat 11-11H 33061006410000 17023 9864 
McAlmond 1-05H 33061005870000 16862 8870.1 
N&D 1-05H 33061005210000 16532 9410 
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APPENDIX B 
METHODS OF SOURCE ROCK ANALYSIS AND RESULTS 
 
The core samples are crushed and approximately 60 - 80 mg of the crushed sample is 
then accurately weighed into an SRA crucible and placed in the SRA-Agilent autosampler. The 
autosampler transfers the crucible from the autosampler tray to the SRA pedestal which is raised, 
putting the sample into the 300℃ oven. The sample is held at 300℃ for 3 minutes. During this 
isothermal heating free hydrocarbons are volatilized and detected by the FID detector and are 
quantitative as milligrams (mg/HC) of S1 per gram of rock. Free CO2 is simultaneously liberated 
and detected by an IR cell and reported as milligrams (mg/CO3) of S3 per gram of rock up to 
400℃. 
After the isothermal period, the temperature is ramped at 25℃/minute to 600℃. Between 
300℃ and 600℃ hydrocarbons are generated from the pyrolytic degradation of the kerogen in 
the rock. This is roughly equivalent to the generative potential of the rock. The hydrocarbons are 
detected by the FID, labeled as S2, and reported as milligrams (mg/HC) of S2 per gram of rock. 
At the end of pyrolysis, the oven is cooled to 580℃ and the carrier lines are purged for 5 
minutes. The oven is cooled below 600℃ to ensure that no pyrolysis components are released 
during oxidation. The oven is then held at isothermal conditions at 580℃ while the sample is 
purged with air to oxidize the remaining residual organic carbon. During this time, carbon 
monoxide (CO) and CO2 are measured with the IR cells to determine S4.
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RESULTS FROM SOURCE ROCK ANALYSIS 
NDIC 16160. 
NWNW 11-158-93  
AMERADA HESS CORPORATION 
STATE ND 1-11H 
MOUNTRAIL COUNTY, NORTH DAKOTA (Interval = 9425.5 – 9533) 
 
Sample ID TOC TMax S1 S2 S3 HI OI PI 
UPPER BAKKEN        
16160-9425.5 9.48 442.9835 2.37 35.08 0.63 370 6.65 0.06 
16160-9427 11.97 442.9271 3.56 55.24 0.53 461 4.43 0.06 
16160-9428 14.88 443.4056 5.47 87.03 0.26 585 1.75 0.06 
16160-9430 10.2 441.0308 9.94 107.39 0.31 1053 3.04 0.08 
16160-9431.8 11.79 441.1019 4.61 44.37 0.43 376 3.65 0.09 
16160-9433.5 10.78 441.054 3.98 37.29 0.53 346 4.92 0.10 
16160-9435 14.48 439.0509 4.53 56.78 0.37 392 2.56 0.07 
16160-9436.8 16.13 440.0921 4.8 67.59 0.35 419 2.17 0.07 
16160-9438 11.18 440.1728 3.54 42.56 0.37 381 3.31 0.08 
16160-9439.2 15.89 439.0017 4.11 66.85 0.53 421 3.34 0.06 
Average 12.678 441.082 4.691 60.018 0.431 480.405 3.579353 0.073314 
Variance 5.981462 2.520286 4.115254 533.243 0.014099 45013.76 2.081102 0.000207 
         
LOWER BAKKEN        
16160-9491.5 13.86 441.0598 4.16 57.94 0.44 418 3.17 0.07 
16160-9493 15.9 440.6984 4.81 68.99 0.47 434 2.96 0.07 
16160-9494.5 15.29 440.6232 4.81 65.79 0.44 430 2.88 0.07 
16160-9495.8 12.97 440.0399 4.58 51.93 0.59 400 4.55 0.08 
16160-9497 15.96 440.7833 5.27 69.63 0.35 436 2.19 0.07 
16160-9498.5 10.43 444.8738 4.27 44.26 0.35 424 3.36 0.09 
16160-9499.8 9.1 445.1165 4.49 37.58 0.4 413 4.40 0.11 
16160-9501.5 13.15 442.0947 5.28 78.55 0.3 597 2.28 0.06 
16160-9502.8 10.6 442.1227 5.24 46.24 0.34 436 3.21 0.10 
16160-9504 11.66 441.7047 5.9 51.74 0.35 444 3.00 0.10 
16160-9505.5 7.81 441.1949 5.82 31.9 0.3 408 3.84 0.15 
16160-9506 12.26 442.1099 10.69 42.22 0.38 344 3.10 0.20 
16160-9507 11.19 442.554 13.63 35.4 0.42 316 3.75 0.28 
16160-9508 10.93 441.9563 13.07 34.94 0.38 320 3.48 0.27 
16160-9509 11.96 440.9462 9.84 40.62 0.32 340 2.68 0.20 
16160-9510 10.51 440.345 9.74 34.69 0.29 330 2.76 0.22 
16160-9511 10.79 441.4941 10.38 33.54 0.49 311 4.54 0.24 
16160-9512 13.64 440.2973 7.85 48.16 0.35 353 2.57 0.14 
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16160-9513 11.95 441.2953 8.42 39.55 0.38 331 3.18 0.18 
16160-9514 13.43 440.7566 8.09 48.03 0.39 358 2.90 0.14 
16160-9515 13.5 441.3653 8.7 48.51 0.35 359 2.59 0.15 
16160-9516 13.83 441.1601 15.31 45.82 0.43 331 3.11 0.25 
16160-9517 13.12 441.1129 13.52 44.57 0.57 340 4.34 0.23 
16160-9518 12.19 438.5726 9.56 39.42 0.59 323 4.84 0.20 
16160-9519 12.54 441.8745 7.96 44.84 0.49 358 3.91 0.15 
16160-9520 12.32 440.1485 14.12 39.59 0.56 321 4.55 0.26 
16160-9522 10.97 442.5335 12.79 31.07 0.53 283 4.83 0.29 
16160-9523 10.75 443.24 8.89 34.77 0.53 323 4.93 0.20 
16160-9524 14.75 442.7894 6.93 62.95 0.44 427 2.98 0.10 
16160-9525 9.44 440.6043 7.09 28.17 0.31 298 3.28 0.20 
16160-9526 10.33 441.6267 8.45 32.76 0.31 317 3.00 0.21 
16160-9527 9.76 441.3413 7.5 31.25 0.34 320 3.48 0.19 
16160-9528 10.26 442.3585 9.72 34.24 0.38 334 3.70 0.22 
16160-9529 6.71 442.5479 4.65 17.84 0.38 266 5.66 0.21 
16160-9530 9.42 443.0006 5.84 34.27 0.6 364 6.37 0.15 
Average 11.808 441.6098 8.210571 43.76486 0.415429 365.9942 3.610788 0.166919 
Variance 4.601293 1.648482 10.27422 175.5359 0.008702 4098.651 0.93747 0.004763 
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NDIC 17043. 
SESE 24-151-89  
HESS CORPORATION 
ST-ANDES-151-89- 2413H-1 
MOUNTRAIL COUNTY, NORTH DAKOTA 
 (Interval = 9063.5 – 9128) 
 
Sample ID TOC TMax S1 S2 S3 HI OI PI 
UPPER BAKKEN        
17043-9063.5 14.15 426.9169 4.56 84.69 1.3 599 9.19 0.05 
17043-9065 14.85 427.178 4.35 88.54 1.28 596 8.62 0.05 
17043-9066 12.4 427.1257 3.62 73.09 1.17 589 9.44 0.05 
17043-9067.5 12.88 425.5796 4.05 77.73 1.08 603 8.39 0.05 
17043-9068.5 14.1 424.2532 4.84 86.32 1.04 612 7.38 0.05 
17043-9070 17.48 423.4658 6.71 111.43 0.91 637 5.21 0.06 
17043-9071.5 14.55 423.7694 5.98 90.88 0.83 625 5.70 0.06 
17043-9073 13.01 423.772 5.34 79.61 0.8 612 6.15 0.06 
17043-9074.5 13.8 421.3201 6.02 82.28 0.72 596 5.22 0.07 
17043-9076 19.16 421.0561 8.06 122.03 0.88 637 4.59 0.06 
17043-9077.6 24 420.9325 8.84 158.29 1.05 660 4.38 0.05 
Average 15.48909 424.1245 5.67 95.89909 1.005455 615.1397 6.749827 0.05565 
Variance 12.02367 5.641528 2.76604 641.4594 0.037727 484.0191 3.619343 5.09E-05 
         
LOWER BAKKEN        
17043-9109 6.43 427.3448 1.19 22.79 0.37 354 5.75 0.05 
17043-9110.5 15.88 422.2763 6.24 99.37 0.75 626 4.72 0.06 
17043-9112 15.52 425.6839 5.79 98.47 1.11 634 7.15 0.06 
17043-9113.8 11.54 424.6709 3.79 72.64 0.87 629 7.54 0.05 
17043-9115.5 12.62 424.0892 4.7 78.92 1.08 625 8.56 0.06 
17043-9116.5 16.8 424.5079 5.92 113.32 0.94 675 5.60 0.05 
17043-9118.8 20.59 424.5659 7.41 137.68 0.93 669 4.52 0.05 
17043-9120.5 14.33 425.9738 5.86 92.94 0.85 649 5.93 0.06 
17043-9122 19.11 425.1647 6.85 128.19 0.95 671 4.97 0.05 
17043-9123.5 17.19 424.1444 6.14 111.96 0.96 651 5.58 0.05 
17043-9125 19.97 422.5216 7.58 131.5 0.95 658 4.76 0.05 
17043-9126.5 18.01 426.4805 6.46 119.59 0.87 664 4.83 0.05 
17043-9128 19.69 422.6617 7.58 128.95 0.77 655 3.91 0.06 
Average 15.97538 424.622 5.808462 102.7938 0.876923 627.7511 5.678767 0.053389 
Variance 16.01168 2.36704 3.107964 987.8727 0.033773 7038.521 1.788767 1.23E-05 
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NDIC 21668. 
SENW 34-153-95 
BURLINGTON RESOURCES OIL & GAS COMPANY LP 
UBERWACHEN 22-34 
MCKENZIE COUNTY, NORTH DAKOTA (Interval = 10205 – 10294) 
 
Sample ID TOC Tmax S1 S2 S3 HI OI PI 
UPPER BAKKEN        
21668-10205 11.31 449.6266 4.39 16.79 0.74 148 6.54 0.21 
21668-10206 9.26 451.4649 12.39 14.33 0.57 155 6.16 0.46 
21668-10207 8.66 449.3315 3.74 12.78 0.65 148 7.51 0.23 
21668-10208 5.03 446.4091 10.01 6.51 0.51 129 10.14 0.61 
21668-10209 8.44 450.6947 3.98 13.46 0.62 159 7.35 0.23 
21668-10210 8.2 449.474 13.43 11.26 0.48 137 5.85 0.54 
21668-10211 10.26 449.9224 4.44 15.89 0.61 155 5.95 0.22 
21668-10212 11.17 450.7277 10.75 17.84 0.37 160 3.31 0.38 
21668-10213 10.98 449.7758 5.37 17.76 0.44 162 4.01 0.23 
21668-10214 11.75 451.5355 11.37 18.68 0.38 159 3.23 0.38 
21668-10215 9.85 448.9685 4.38 14.64 0.62 149 6.29 0.23 
21668-10216 13.54 450.5767 11.59 21.82 0.36 161 2.66 0.35 
21668-10217 11.13 450.4228 6.06 17.65 0.45 159 4.04 0.26 
21668-10218 13.12 449.9723 17.83 20.14 0.38 154 2.90 0.47 
21668-10219 11.74 450.0836 5.43 17.88 0.35 152 2.98 0.23 
21668-10220 12.47 450.5164 14.7 19.32 0.44 155 3.53 0.43 
21668-10221 9.04 441.3258 4.31 8.17 0.28 90 3.10 0.35 
21668-10222 12.24 448.8238 16.49 18.11 0.49 148 4.00 0.48 
21668-10223 11.41 450.0416 5.81 17.49 0.36 153 3.16 0.25 
21668-10224 12.62 446.424 4.76 15.49 0.42 123 3.33 0.24 
Average 10.611 449.3059 8.5615 15.8005 0.476 147.7887 4.801417 0.337707 
Variance 4.205915 5.313592 21.6427 14.94866 0.015099 289.4041 4.170841 0.015451 
         
LOWER BAKKEN        
21668-10271 11.54 448.6076 8.43 16.09 0.49 139 4.246101 0.343801 
21668-10272 14.96 449.8423 8.97 23.33 0.4 156 2.673797 0.277709 
21668-10273 9.88 436.0564 10.8 7.35 0.4 74 4.048583 0.595041 
21668-10274 10.99 448.015 8.77 14.26 0.5 130 4.549591 0.380808 
21668-10275 12.23 449.9958 8.46 17.65 0.44 144 3.597711 0.324014 
21668-10276 11.5 450.0164 7.41 15.98 0.51 139 4.434783 0.316802 
21668-10277 10.25 449.8878 9.4 14.39 0.62 140 6.04878 0.395124 
21668-10279 16.13 450.2005 8.4 26.23 0.46 163 2.851829 0.242564 
21668-10280 16.19 450.9602 10.75 25.48 0.33 157 2.038295 0.296715 
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21668-10281 11.47 451.2422 11.27 17.13 0.47 149 4.097646 0.396831 
21668-10282 12.29 451.3735 10.09 18.22 0.43 148 3.498779 0.356411 
21668-10283 11.58 450.2944 10.56 17.25 0.46 149 3.972366 0.37972 
21668-10284 12.54 450.6244 9.5 18.57 0.4 148 3.189793 0.33844 
21668-10285 11.5 450.89 9.97 17.3 0.37 150 3.217391 0.365603 
21668-10286 12.18 449.621 11.7 17.06 0.43 140 3.53 0.41 
21668-10287 11.54 449.8783 11.11 16.95 0.53 147 4.59 0.40 
21668-10288 10.4 448.2497 13.22 15.04 0.56 145 5.38 0.47 
21668-10289 10.85 444.0858 11.45 12.32 0.42 114 3.87 0.48 
21668-10290 12.57 450.0371 12.59 18.79 0.31 149 2.47 0.40 
21668-10291 10.49 447.9563 14.33 17.13 0.54 163 5.15 0.46 
21668-10292 12.53 449.8388 10.38 20.23 0.35 161 2.79 0.34 
21668-10293 12.3 450.7963 10.29 18.65 0.29 152 2.36 0.36 
21668-10294 13.31 451.4214 7.17 21.91 0.25 165 1.88 0.25 
Average 12.14 449.1257 10.21826 17.70913 0.433043 144.5152 3.673364 0.372164 
Variance 2.8144 10.61265 3.16446 16.62258 0.008295 365.4937 1.170262 0.006264 
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NDIC 22572. 
Sec. NWNE 13-161-92  
SAMSON RESOURCES COMPANY 
SARATOGA 12-1-161-92H 
BURKE COUNTY, NORTH DAKOTA LP #12-1-161-92H SARATOGA FEDERAL 
(Interval = 7974 – 8061.15) 
 
Sample ID TOC TMax S1 S2 S3 HI OI PI 
UPPER BAKKEN        
22572-7974 5.32 436.895 5.13 20.98 0.2 394 3.76 0.20 
22572-7975 16.95 436.5468 6.45 110.19 0.28 650 1.65 0.06 
22572-7976 14.14 435.6967 5.85 85.21 0.34 603 2.40 0.06 
22572-7977 14.72 433.8821 6.65 82.7 0.4 562 2.72 0.07 
22572-7978.5 15.1 436.6717 5.98 94.03 0.25 623 1.66 0.06 
22572-7980 20.57 434.3474 7.2 131.88 0.53 641 2.58 0.05 
Average 14.46667 435.6733 6.21 87.49833 0.333333 578.7883 2.460905 0.083668 
Variance 25.53023 1.643862 0.51604 1396.051 0.014147 9153.734 0.614271 0.003116 
         
LOWER BAKKEN        
22572-8035 17.45 434.5529 5.26 98.24 0.39 563 2.23 0.05 
22572-8036.16 16.84 435.2128 5.34 96.39 0.46 572 2.73 0.05 
22572-8038 19.1 435.4595 6.41 117.73 0.45 616 2.36 0.05 
22572-8039.15 14.47 435.1355 5.69 78.92 0.5 545 3.46 0.07 
22572-8042 18.14 435.0668 7.16 99.89 0.37 551 2.04 0.07 
22572-8044 15.47 435.8534 6.88 86.21 0.46 557 2.97 0.07 
22572-8046.15 17.25 434.3651 7.91 98.08 0.43 569 2.49 0.07 
22572-8048.5 12.09 435.893 8.73 64.91 0.24 537 1.99 0.12 
22572-8050.5 16.58 435.0404 9.34 84.94 0.46 512 2.77 0.10 
22572-8053.5 13.02 437.3578 7.96 67.61 0.35 519 2.69 0.11 
22572-8055 16.75 437.4389 9.32 99.82 0.38 596 2.27 0.09 
22572-8057.15 13.07 437.6972 7.29 73.23 0.27 560 2.07 0.09 
22572-8059 14.21 438.3533 7.92 79.54 0.42 560 2.96 0.09 
22572-8061.15 20.56 434.1518 5.67 121.14 0.49 589 2.38 0.04 
Average 16.07143 435.827 7.205714 90.475 0.405 560.5232 2.528931 0.076555 
Variance 6.058505 1.813873 1.968842 291.381 0.006058 794.7092 0.178539 0.00051 
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NDIC 8177. 
SESE 18-151-87   
MARATHON OIL COMPANY 
DOBRINSKI #18-44 
WARD COUNTY, NORTH DAKOTA 
 (Interval = 8629 – 8665) 
 
Sample ID TOC Tmax S1 S2 S3 HI OI PI 
UPPER BAKKEN        
8177-8629 5.65 423 1.47 13.05 0.79 231 13.98 0.10 
8177-8629-5 7.43 420 2.09 25.56 0.86 344 11.57 0.08 
8177-8630 10.88 419.6 3.7 49.4 1.09 454 10.02 0.07 
8177-8631 9.05 419.7 2.81 35.54 1.07 393 11.82 0.07 
8177-8632-2 9.9 419 3.11 41.35 1.01 418 10.20 0.07 
8177-8632-4 16.16 418.9 6.96 93.43 1.17 578 7.24 0.07 
8177-8633 15.85 419.2 6.57 83.34 1.38 526 8.71 0.07 
8177-8634 14.85 423 4.01 59.69 2.14 402 14.41 0.06 
8177-8634-37a 15.04 419.1 6.36 83.76 1.15 557 7.65 0.07 
8177-8634-37b 16.88 418.7 6.91 82 1.84 486 10.90 0.08 
8177-8634-37c 18.68 418.5 8.61 112.25 1.2 601 6.42 0.07 
Average 12.76091 419.8818 4.781818 61.76091 1.245455 453.5393 10.26626 0.074056 
Variance 18.71345 2.569636 5.627996 985.5798 0.165507 12337.59 6.880736 9.58E-05 
         
LOWER BAKKEN        
8177-8660-62a 5.79 425.4 0.91 5.32 0.94 92 16.23 0.15 
8177-8660-62b 5.38 423.5 0.82 3.34 1.06 62 19.70 0.20 
8177-8660-62c 6.38 427.2 1.3 8.63 1.05 135 16.46 0.13 
8177-8662-65a 8.13 424.7 2.41 22.96 1.24 282 15.25 0.09 
8177-8662-65b 10.13 422 2.63 34.97 1.38 345 13.62 0.07 
8177-8662-65c 6.32 428.2 1.51 10.05 1.04 159 16.46 0.13 
8177-8665-67a 11.79 421.8 3.55 45.56 1.58 386 13.40 0.07 
8177-8665-67b 12.58 422 3.64 51.66 1.65 411 13.12 0.07 
8177-8665-67c 11.93 421.7 3.51 46.56 1.54 390 12.91 0.07 
8177-8665-67d 12.9 421.1 3.91 55.28 1.55 429 12.02 0.07 
Average 9.133 423.76 2.419 28.433 1.303 269.1758 14.91673 0.104393 
Variance 9.300846 6.282667 1.460032 427.6474 0.072023 20462.87 5.462268 0.002018 
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NDIC 16862. 
SWSE 5-155-89   
EOG RESOURCES, INC. 
MCALMOND 1-05H 
MOUNTRAIL COUNTY, NORTH DAKOTA  
(Interval = 8817.7 – 8871.25) 
 
SAMPLE ID TOC Tmax S1 S2 S3 HI OI PI 
UPPER BAKKEN        
16862-8817.7 12.71 423.5105 12.4 65.67 0.66 516.6798 5.192762 0.158832 
16862-8818 13.72 423.5565 10.78 74.8 0.71 545.1895 5.174927 0.125964 
16862-8819 15.54 422.1553 9.73 89.2 0.74 574.0026 4.761905 0.098352 
16862-8820 12.34 424.0981 9.74 67.33 0.76 545.624 6.158833 0.126379 
16862-8821 16.81 422.2411 10.54 100.19 0.85 596.0143 5.056514 0.095186 
16862-8822 16.68 422.1823 9.69 104.24 0.84 624.94 5.035971 0.085052 
16862-8823 14.16 422.449 8.35 84.94 0.87 599.8588 6.144068 0.089506 
16862-8823-3 13 422.8 7.77 77.12 0.87 593.2308 6.692308 0.09153 
Average 14.37 422.8741 9.875 82.93625 0.7875 574.4425 5.527161 0.10885 
Variance 3.125514 0.564429 2.066714 205.2139 0.006507 1291.043 0.488776 0.000662 
         
LOWER BAKKEN        
16862-8851-6 3.2 425.4 2.39 1.9 0.98 59.375 30.625 0.55711 
16862-8852 4.19 429.1 2.14 8.35 0.28 199.284 6.682578 0.204004 
16862-8853 4.68 429 2.08 10.93 0.41 233.547 8.760684 0.159877 
16862-8854 8.69 424.8 5.16 40.23 0.52 462.9459 5.98389 0.113681 
16862-8855 15.81 422.6 7.68 82.82 1 523.8457 6.325111 0.084862 
16862-8856 14.44 422.6 6.88 78.58 0.8 544.1828 5.540166 0.080505 
16862-8857 16.67 423.8 9.42 95.24 0.81 571.3257 4.859028 0.090006 
16862-8858 14.96 424.2 8.1 85.05 0.77 568.516 5.147059 0.086957 
16862-8859 15.21 424.4 8.41 85.32 0.73 560.9467 4.799474 0.089726 
16862-8860 16.73 423.4 8.19 96.19 0.87 574.9552 5.200239 0.078463 
16862-8861 15.12 424.2 8.08 86.38 0.73 571.2963 4.828042 0.085539 
16862-8862 15.46 424.3 7.96 89.2 0.8 576.9728 5.174644 0.081927 
16862-8863 13.27 426.3 8.68 71.64 0.64 539.8644 4.822909 0.108068 
16862-8864 13.29 426.2 7.77 74.14 0.53 557.8631 3.987961 0.09486 
16862-8865 13.11 427.3 8.3 70.78 0.67 539.8932 5.110603 0.104957 
16862-8866 15.33 424.8 8.33 88.15 0.68 575.0163 4.435747 0.086339 
16862-8867 15.8 425.9 8.26 90.72 0.7 574.1772 4.43038 0.083451 
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16862-8868-1 18.36 423.7 8.24 106.43 0.7 579.6841 3.812636 0.071858 
16862-8869 20.64 426.3 8.66 127.4 0.77 617.2481 3.73062 0.063648 
16862-8870 21.52 424.2 10.33 130.28 0.63 605.3903 2.927509 0.073466 
16862-8871 19.51 422.4 9.11 113.46 0.74 581.5479 3.792927 0.074325 
16862-8871-25 21.62 423.1 10.47 123.85 0.91 572.8492 4.209066 0.077948 
Average 14.43682 424.9091 7.483636 79.86545 0.712273 508.6694 6.144831 0.115981 
Variance 26.78438 3.53039 5.747148 1293.1 0.029285 21369.52 31.38513 0.010688 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
65 
 
NDIC 16532. 
LOT 3 5-152-90   
EOG RESOURCES, INC. N&D 1-05H 
MOUNTRAIL COUNTY, NORTH DAKOTA  
(Interval = 9410 – 9485) 
 
Sample ID TOC Tmax S1 S2 S3 HI OI PI 
Upper Bakken        
16532-9410 15.47 429.8 7.62 79.02 1.14 511 7 0.09 
16532-9411 14.7 429.8 7.63 73.9 1.15 503 8 0.09 
16532-9412 12.4 430.4 6.75 60.51 0.87 488 7 0.1 
16532-9413 11.06 431.7 5.95 51.72 0.82 468 7 0.1 
16532-9414 8.48 433.3 5.26 34.43 0.74 406 9 0.13 
16532-9415 11.52 429.7 7.04 54.24 0.83 471 7 0.11 
16532-9416 14.76 428.2 8.99 76.01 1.04 515 7 0.11 
16532-9418 17.47 427.7 9.93 94.87 0.97 543 6 0.09 
16532-9418 16.27 428 11.85 91.71 0.84 564 5 0.11 
16532-9419 15.6 427.2 9.76 84.51 0.76 542 5 0.1 
16532-9420 14.93 426.8 10.39 79.31 0.77 531 5 0.12 
16532-9421 12.43 428.5 10.64 61.01 0.7 491 6 0.15 
16532-9422 10.65 424.6 6.71 51.21 0.64 481 6 0.12 
16532-9423 11.45 428.7 9.67 57.56 0.64 503 6 0.14 
16532-9424 18.59 424.3 12.38 108.74 1 585 5 0.1 
16532-9425 20.43 424.2 12.93 122.67 1.06 601 5 0.1 
16532-9426 14.33 424.9 9.52 81.04 0.94 565 7 0.11 
16532-9426-2 11.5 428.1 7.4 64.08 0.75 557 7 0.1 
Average 14.00222 428.1056 8.912222 73.69667 0.87 518.0556 6.388889 0.109444 
Variance 9.449018 6.409967 5.024489 484.2397 0.025953 2314.879 1.310458 0.000288 
         
Lower Bakken        
16532-9466-5 15.27 427 10.31 82.43 0.75 540 5 0.11 
16532-9467 15.79 426.5 11.87 84.7 0.85 537 5 0.12 
16532-9468 11.15 429.2 9.78 53.54 0.83 480 7 0.15 
16532-9469 15.79 427.9 10.28 83.99 0.74 532 5 0.11 
16532-9470 13.71 427.4 9.96 67.84 0.71 495 5 0.13 
16532-9471 15.35 426.6 10.81 78.77 0.92 513 6 0.12 
16532-9472 12.39 429 9.52 63.06 0.73 509 6 0.13 
16532-9473 15.07 428.3 11.61 79.64 0.9 528 6 0.13 
16532-9474 16.68 427.1 10.4 89.75 0.96 538 6 0.1 
16532-9475 16.21 427.6 10.22 87.52 0.74 540 5 0.1 
16532-9476 14.29 427.1 9.24 72.27 0.7 506 5 0.11 
16532-9477 16.08 426.7 10.67 84.43 0.73 525 5 0.11 
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16532-9478 16.49 426.7 8.72 89.45 0.8 542 5 0.09 
16532-9479 12.64 427.6 6.68 63.35 0.71 501 6 0.1 
16532-9480 15.4 427.4 10.86 82.37 0.74 535 5 0.12 
16532-9481 14.52 426.8 11.29 76.91 0.76 530 5 0.13 
16532-9482 12.65 427.7 10.09 64.19 0.66 507 5 0.14 
16532-9483 11.84 427.3 7.74 57.77 0.65 488 6 0.12 
16532-9484 13.77 427.1 7.75 74.21 0.71 539 5 0.09 
16532-9485 19.58 424.2 10.05 115.33 1 589 5 0.08 
Average 14.7335 427.26 9.8925 77.576 0.7795 523.7 5.4 0.1145 
Variance 3.971645 1.058316 1.760472 194.8182 0.009794 602.5368 0.357895 0.000321 
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NDIC 17434. 
NENW 18-150-90   
QUESTAR EXPLORATION & PRODUCTION COMPANY 
MHA 1-18H-150-90 
MCLEAN COUNTY, NORTH DAKOTA 
 (Interval = 8817.7 – 8871.25) 
 
Sample ID TOC Tmax S1 S2 S3 HI OI PI 
17434-9781 5.22 435.9 5.99 14.08 0.9 270 17 0.3 
17434-9782 16.69 428 10.16 90.04 0.67 539 4 0.1 
17434-9783 16.43 429.1 9.61 89.71 0.77 546 5 0.1 
17434-9784-15 16.54 430.3 9.86 89.12 0.58 539 4 0.1 
17434-9785 14.55 429 11.43 73.06 0.59 502 4 0.14 
17434-9786-15 14.42 429 9.17 72.12 0.67 500 5 0.11 
17434-9787 15.95 429.6 10.06 82.13 0.6 515 4 0.11 
17434-9788-1 17.56 428.6 10.11 95.55 0.82 544 5 0.1 
17434-9789-1 17.35 429.7 9.62 93 0.69 536 4 0.09 
17434-9789-9 19.51 428.3 9.68 108.18 0.63 554 3 0.08 
17434-9791 18.8 428.6 10.15 101.55 0.75 540 4 0.09 
17434-9792 17.87 428.7 10.1 96.47 0.69 540 4 0.09 
17434-9793 17.86 428.3 10.41 96.58 0.61 541 3 0.1 
17434-9794 17.59 428.9 10.37 96.57 0.69 549 4 0.1 
17434-9795 16.93 428.7 9.39 91.96 0.6 543 4 0.09 
17434-9796 16.93 428 9.57 93.12 0.6 550 4 0.09 
17434-9797 16.98 428.6 9.76 92.44 0.66 545 4 0.1 
17434-9798 16.23 428.7 9.67 87.86 0.63 541 4 0.1 
17434-9799 15.53 429.7 10.14 82.85 0.54 534 3 0.11 
17434-9800 15.47 429.7 10.66 82.39 0.59 533 4 0.11 
17434-9801 15.02 429.2 10.95 78.82 0.57 525 4 0.12 
17434-9801-9 15.74 429 12.48 83.69 0.59 532 4 0.13 
17434-9803 15.72 429.1 11.45 82.83 0.58 527 4 0.12 
68 
 
17434-9804 15.18 429.3 11.85 77.46 0.67 510 4 0.13 
17434-9805 16.53 428.2 10.84 90.87 0.51 550 3 0.11 
17434-9806-2 14.78 429 10.79 79.04 0.57 535 4 0.12 
17434-9807 14.58 429.7 10.86 79.93 0.57 548 4 0.12 
17434-9808 14.99 429.4 10.79 81.36 0.6 543 4 0.12 
17434-9809 13.51 428.4 8.91 67.04 0.58 496 4 0.12 
17434-9810 13.69 427.8 9.52 66.69 0.74 487 5 0.12 
17434-9811-1 15.12 427.2 9.98 74.92 0.66 496 4 0.12 
17434-9812-25 12.57 427.4 7.8 55.9 0.6 445 5 0.12 
17434-9813-15 9.82 428.3 6.32 38.39 0.53 391 5 0.14 
17434-9813-7 9.13 430.3 6.91 37.61 0.76 412 8 0.16 
Average 15.31735 429.05 9.863529 80.09794 0.641471 513.4706 4.558824 0.116471 
Variance 7.851917 2.000152 1.962951 375.8848 0.007437 3304.681 5.587344 0.001345 
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NDIC 17023. 
NWNW 11-153-91  
WHITING OIL AND GAS CORPORATION 
BRAAFLAT 11-11H 
MOUNTRAIL COUNTY, NORTH DAKOTA  
(Interval = 9861 – 9968) 
 
Sample ID TOC Tmax S1 S2 S3 HI OI PI 
UPPER BAKKEN        
17023-9861 5.35 432.7 4 20.79 0.86 389 16.07 0.16 
17023-9862 15.55 431 7.59 85.38 0.81 549 5.21 0.08 
17023-9863 14.95 431.3 7.65 81.07 0.67 542 4.48 0.09 
17023-9864 15.39 430 8.04 88.27 0.72 574 4.68 0.08 
17023-9865 16.51 429.6 8.1 97.99 0.67 594 4.06 0.08 
17023-9866 16.51 430.2 8.57 97.66 0.88 592 5.33 0.08 
17023-9867 16.52 430.2 8.64 98.95 0.71 599 4.30 0.08 
17023-9868 17.04 430.7 8.66 102.81 0.82 603 4.81 0.08 
17023-9869 17.25 427.6 10.64 102.72 0.73 595 4.23 0.09 
17023-9870 12.89 429.5 9.19 70.21 0.55 545 4.27 0.12 
17023-9871 13.59 429.8 8.72 75.5 0.71 556 5.22 0.10 
17023-9872 16.1 427.7 9.25 92.66 0.96 576 5.96 0.09 
Average 14.80417 430.025 8.254167 84.50083 0.7575 559.3414 5.718995 0.094302 
Variance 10.62403 2.003864 2.469427 515.3362 0.012566 3387.229 10.95381 0.00058 
         
Lower Bakken        
17023-9931 12.38 432.4 6.45 69.48 0.84 561 6.79 0.08 
17023-9932 16.43 429.5 9.79 91.17 0.67 555 4.08 0.10 
17023-9933 17.74 429.6 9.42 100.96 0.89 569 5.02 0.09 
17023-9934 16.12 430.9 8.65 91.08 0.5 565 3.10 0.09 
17023-9935 19.64 429.2 11.56 113.61 0.55 578 2.80 0.09 
17023-9936 17.72 430.6 10.86 90.17 0.6 509 3.39 0.11 
17023-9937 16.48 429.5 9.45 91.14 0.84 553 5.10 0.09 
17023-9938 19.26 429.5 11 110.68 0.58 575 3.01 0.09 
17023-9939 12.36 431.5 8.43 64.58 0.43 522 3.48 0.12 
17023-9940 14.32 430.5 9.09 76.89 0.51 537 3.56 0.11 
17023-9941 13.97 430.9 9.03 77.81 0.54 557 3.87 0.10 
17023-9942 15.29 430.3 9 82.21 0.57 538 3.73 0.10 
17023-9943 15.16 430.2 8.6 77.49 0.53 511 3.50 0.10 
17023-9944 14 431.3 9.05 76.04 0.6 543 4.29 0.11 
17023-9945 13.4 431.8 8.94 71.61 0.48 534 3.58 0.11 
17023-9946 12.46 432.1 9.34 62.71 0.46 503 3.69 0.13 
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17023-9947 13.83 430.4 9.61 72.08 0.53 521 3.83 0.12 
17023-9948 13.14 431.2 9.33 67.14 0.43 511 3.27 0.12 
17023-9949 14.37 431.6 10.09 69.06 0.4 481 2.78 0.13 
17023-9950 10.94 433 8.77 52.19 0.58 477 5.30 0.14 
17023-9951 12.38 431.7 8.66 64.75 0.33 523 2.67 0.12 
17023-9952 15.99 430 9.53 86.98 0.63 544 3.94 0.10 
17023-9953 15.61 429.5 9.52 86.2 0.47 552 3.01 0.10 
17023-9954 13.67 430.8 10.14 68.36 0.55 500 4.02 0.13 
17023-9955 14.1 430.1 9.62 75.18 0.58 533 4.11 0.11 
17023-9956 15.79 429.1 10.7 82.84 0.8 525 5.07 0.11 
17023-9957 14.16 429.8 9.7 73.8 0.65 521 4.59 0.12 
17023-9958 14.55 429.4 9.98 77.34 0.58 532 3.99 0.11 
17023-9959 16.18 428.4 9.33 88.84 0.65 549 4.02 0.10 
17023-9960 14.75 429.5 9.69 76.68 0.62 520 4.20 0.11 
17023-9961 16.71 428.6 9.79 92.78 0.46 555 2.75 0.10 
17023-9962 14.58 430.5 8.91 78.25 0.47 537 3.22 0.10 
17023-9963 14.18 430.7 8.82 75.8 0.45 535 3.17 0.10 
17023-9964 17.57 427.9 9.38 101.3 0.72 577 4.10 0.08 
17023-9965 14.84 428.8 8.09 82.13 0.44 553 2.96 0.09 
17023-9966 13.52 430.2 6.92 73.12 0.4 541 2.96 0.09 
17023-9967 13.04 431.4 6.92 67.35 0.49 516 3.76 0.09 
17023-9968 5.51 430.8 3.02 25.58 0.24 464 4.36 0.11 
Average 14.63526 430.3467 9.083684 78.56263 0.554211 533.6296 3.817312 0.105061 
Variance 6.013063 1.315053 2.082143 249.1735 0.019247 736.9809 0.722195 0.000204 
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Source Rock Analyzer Interpretation Parameters 
Abbreviation Unit Formula Name 
TOC  wt.%  Total Organic Carbon 
Tmax  °C  Temp corresponding 
to maximum HC 
generated 
S1  mg HC/g rock  Free Hydrocarbon 
S2  mg HC/g rock  Crackable 
Hydrocarbon 
S3  mg CO2/g rock  CO2 Organic Source 
HI  mg HC/g C S2/TOC * 100 Hydrogen Index 
OI  mg CO2/g C S3/TOC *100 Oxygen Index 
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PLOTS FROM SOURCE ROCK ANALYSIS 
 
 
      Figure 24. File 18413 Plot of Remaining Hydrocarbon Potential versus TOC. 
73 
 
 
 Figure 25. File 18413 plot of Hydrogen Index versus Oxygen Index. 
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 Figure 26.  File 18413 plot of Hydrogen Index versus Tmax. 
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Figure 27.  File 18413 Plot of Production Index versus Tmax. 
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Figure 28.  File 21668 Plot of Remaining Hydrocarbon Potential versus TOC. 
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     Figure 29.  File 21668 Plot of Hydrogen Index versus Oxygen Index. 
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    Figure 30.  File 21668 Plot of Hydrogen Index versus Tmax. 
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Figure 31.  File 21668 Plot of Production Index versus Tmax. 
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 Figure 32.  File 22572 Plot of Remaining Hydrocarbon Potential versus TOC. 
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Figure 33.  File 22572 Plot of Hydrogen Index versus Oxygen Index. 
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  Figure 34.  File 22572 Plot of Hydrogen Index versus Tmax. 
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 Figure 35.  File 22572 Plot of Production Index versus Tmax. 
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APPENDIX C 
DEPTH, GAMMA RAY AND DENSITY VALUES 
WELL [16532] 33061005210000 N&D  1-05H 33061005210000     
MD-B to MD-B-M   MD-B-L to MD-B-BL  
DEPTH GR RHOZ  DEPTH GR RHOZ 
9413 126.062 2.349  9467 474.65 2.471 
9414 247.534 2.149  9468 689.726 2.145 
9415 243.172 2.183  9469 682.845 2.083 
9416 218.208 2.216  9470 547.756 2.116 
9417 210.58 2.294  9471 583.196 2.126 
9418 313.219 2.282  9472 601.578 2.122 
9419 367.079 2.204  9473 686.362 2.134 
9420 316.699 2.134  9474 603.373 2.11 
9421 425.07 2.139  9475 506.746 2.163 
9422 495.486 2.094  9476 566.145 2.165 
9423 500.988 2.092  9477 591.612 2.13 
9424 462.28 2.155  9478 550.257 2.158 
9425 487.73 2.191  9479 578.619 2.142 
9426 516.173 2.193  9480 633.235 2.112 
9427 546.868 2.154  9481 670.882 2.141 
9428 422.247 2.24  9482 665.71 2.142 
9429 237.553 2.44  9483 657.121 2.161 
Average 360.99694 2.2064118  9484 606.228 2.184 
Variance 17185.892 0.008417  9485 585.746 2.204 
    9486 555.56 2.156 
    9487 509.408 2.09 
    9488 640.307 2.375 
    9489 733.871 2.61 
    9490 490.22 2.489 
    9491 213.82 2.399 
    9492 330.285 2.28 
    9493 577.414 2.073 
    9494 623.593 1.987 
    9495 712.959 2.009 
    9496 800.407 2.219 
    9497 709.401 2.331 
    9498 453.671 2.493 
    9499 125.389 2.623 
    Average 574.48764 2.2164545 
        Variance 19459.812 0.0269956 
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WELL [22572] 33013016670000 SARATOGA  12-1-161-92H 33013016670000   
MD-B to MD-B-M   MD-B-L to MD-B-BL  
DEPTH GR RHOB  DEPTH GR RHOB 
7973 607.955 2.227  8034.5 1030.003 2.235 
7974 625.998 2.227  8035 1124.806 2.234 
7975 503.19 2.226  8036 1068.738 2.234 
7976 553.239 2.226  8037 955.371 2.233 
7977 658.807 2.226  8038 880.144 2.233 
7978 602.795 2.226  8039 902.136 2.233 
7979 512.895 2.226  8040 844.702 2.232 
7980 533.047 2.226  8041 896.279 2.232 
7981 570.49 2.243  8042 911.993 2.231 
7982 293.538 2.566  8043 947.147 2.231 
7983 93.785 2.679  8044 891.843 2.23 
7984 88.95 2.659  8045 820.528 2.23 
7985 97.827 2.626  8046 817.851 2.229 
7986 99.387 2.643  8047 690.38 2.229 
Average 417.27879 2.3732857  8048 651.579 2.228 
Variance 51955.542 0.0414442  8049 626.385 2.228 
    8050 608.652 2.227 
    8051 632.831 2.227 
    8052 623.087 2.227 
    8053 548.629 2.226 
    8054 481.691 2.228 
    8055 490.372 2.229 
    8056 564.41 2.229 
    8057 643.466 2.228 
    8058 634.88 2.228 
    8059 604.401 2.227 
    8060 666.74 2.27 
    8061 675.195 2.477 
    8061.5 536.738 2.529 
    Average 750.72334 2.2501379 
        Variance 33015.32 0.005015 
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WELL [21668] 33053038190000 UBERWACHEN  22-34      
MD-B to MD-B-M   MD-B-L to MD-B-BL  
DEPTH GR RHO_B  DEPTH GR RHO_B 
10230 48.29 2.674  10298 559.634 2.435 
10231 165.338 2.647  10299 684.547 2.306 
10232 285.844 2.395  10300 685.357 2.281 
10233 249.098 2.377  10301 633.471 2.281 
10234 215.998 2.408  10302 542.504 2.307 
10235 200.208 2.419  10303 652.047 2.308 
10236 199.71 2.418  10304 675.808 2.312 
10237 274.625 2.414  10305 733.611 2.32 
10238 398.494 2.372  10306 859.612 2.28 
10239 400.493 2.352  10307 836.85 2.284 
10240 404.57 2.309  10308 769.992 2.465 
10241 391.669 2.294  10309 736.907 2.484 
10242 412.679 2.287  10310 713.575 2.334 
10243 454.574 2.274  10311 729.482 2.329 
10244 445.859 2.257  10312 721.711 2.301 
10245 454.123 2.261  10313 664.662 2.286 
10246 462.627 2.289  10314 578.116 2.307 
10247 523.65 2.282  10315 551.206 2.316 
10248 517.134 2.274  10316 674.37 2.305 
10249 437.434 2.275  10317 651.645 2.306 
10250 419.092 2.296  10318 649.143 2.324 
10251 432.289 2.334  10319 777.965 2.315 
10252 221.575 2.551  10320 779.985 2.334 
Average 348.49448 2.3677826  10321 635.331 2.385 
Variance 16318.311 0.0136568  10322 277.982 2.46 
    Average 671.02052 2.3346 
        Variance 13457.456 0.0036996 
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WELL [18413] 33105017560000 HEIDI  1-4H     
MD-B to MD-B-M   MD-B-L TO MD-B-BL  
DEPTH GR RHOB  DEPTH GR RHOB 
10673 176.008 2.298  10740 279.344 2.517 
10674 287.882 2.305  10741 543.714 2.285 
10675 319.68 2.299  10742 640.465 2.199 
10676 367.772 2.28  10743 605.636 2.217 
10677 399.532 2.221  10744 465.915 2.292 
10678 421.083 2.223  10745 415.54 2.339 
10679 410.925 2.205  10746 591.883 2.273 
10680 410.265 2.222  10747 659.603 2.223 
10681 408.222 2.183  10748 666.418 2.229 
10682 412.661 2.198  10749 746.545 2.208 
10683 389.968 2.219  10750 738.133 2.231 
10684 415.745 2.226  10751 703.575 2.236 
10685 492.821 2.186  10752 710.306 2.256 
10686 558.936 2.183  10753 673.331 2.269 
10687 466.894 2.221  10754 614.004 2.265 
10688 394.992 2.253  10755 539.06 2.27 
10689 443.965 2.216  10756 470.6 2.279 
10690 487.239 2.198  10757 528.357 2.258 
Average 403.5883 2.229778  10758 536.824 2.278 
Variance 7009.81 0.001628  10759 539.903 2.324 
    10760 529.826 2.355 
    10761 484.237 2.271 
    10762 475.172 2.27 
    10763 542.04 2.271 
    10763.5 574.185 2.3 
    Average 570.9846 2.2766 
    Variance 11949.84 0.003967 
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WELL [16862] 33061005870000 MCALMOND 1-05H    
MD-B TO MD-B-M   MD-B-L to MD-B-BL  
DEPTH GR RHOB  DEPTH GR RHOB 
8803 220.056 2.491  8849 440.145 2.436 
8804 265.907 2.228  8850 540.565 2.426 
8805 306.767 2.225  8851 512.098 2.227 
8806 292.604 2.162  8852 544.976 2.219 
8807 267.845 2.153  8853 622.052 2.228 
8808 268.415 2.19  8854 647.936 2.209 
8809 375.327 2.178  8855 633.668 2.162 
8810 417.88 2.181  8856 538.852 2.146 
8811 408.46 2.169  8857 440.219 2.166 
8812 434.295 2.176  8858 415.656 2.191 
8813 519.812 2.196  8859 403.465 2.173 
8814 482.242 2.143  8860 386.031 2.177 
8815 376.968 2.163  8861 406.9 2.184 
8816 324.597 2.174  8862 469.811 2.165 
8817 390.196 2.198  8863 548.78 2.147 
8818 466.194 2.153  8864 589.493 2.138 
8819 590.527 2.117  8865 606.079 2.147 
8820 343.876 2.224  8866 642.153 2.144 
Average 375.1093 2.195611  Average 521.6044 2.204722 
Variance 9861.996 0.006286  Variance 8210.443 0.007604 
 
 
 
 
 
 
 
 
 
 
 
89 
 
WELL [17434] 33055001140000 MHA  1-18H-150-90 33055001140000 
MD-B TO MD-B-M   MD-B-L TO MD-B-BL  
DEPTH GR RHOB  DEPTH GR RHOB 
9736 160.954 2.578  9792 100.095 2.582 
9737 388.52 2.317  9793 154.181 2.511 
9738 422.176 2.267  9794 425.738 2.444 
9739 366.982 2.291  9795 544.791 2.377 
9740 354.064 2.306  9796 568.207 2.341 
9741 371.52 2.301  9797 504.788 2.336 
9742 380.581 2.304  9798 490.194 2.348 
9743 294.533 2.344  9799 487.041 2.355 
9744 249.072 2.372  9800 505.559 2.342 
9745 335.639 2.33  9801 558.527 2.312 
9746 423.648 2.278  9802 646.571 2.317 
9747 423.305 2.292  9803 684.731 2.331 
9748 440.537 2.321  9804 586.707 2.313 
9749 526.488 2.35  9805 622.17 2.269 
9750 576.469 2.427  9806 705.011 2.26 
9751 291.447 2.587  9807 750.381 2.267 
Average 375.3709 2.354063  9808 757.102 2.269 
Variance 10144.29 0.009469  9809 805.402 2.281 
    9810 828.833 2.353 
    9811 720.165 2.354 
    9812 579.781 2.332 
    9813 617.786 2.315 
    9814 605.685 2.33 
    9815 549.832 2.347 
    9816 614.84 2.324 
    9817 652.427 2.314 
    9818 595.773 2.312 
    Average 580.0859 2.342074 
    Variance 26942.08 0.00502 
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WELL [17023] 33061006410000 BRAAFLAT  11-11H    
MD-B TO MD-B-M   MD-B-L TO MD-B-BL  
DEPTH GR RHOB  DEPTH GR RHOB 
9865 92.914 2.534  9936 393.997 2.31 
9866 263.222 2.342  9937 578.109 2.211 
9867 392.87 2.224  9938 644.8 2.213 
9868 418.978 2.225  9939 704.518 2.215 
9869 378.292 2.225  9940 624.331 2.217 
9870 315.601 2.225  9941 554.262 2.219 
9871 274.109 2.225  9942 579.287 2.22 
9872 387.24 2.225  9943 672.082 2.222 
9873 617.347 2.225  9944 651.152 2.224 
9874 508.853 2.225  9945 542.652 2.226 
9875 501.715 2.235  9946 496.059 2.238 
9876 575.116 2.225  9947 536.963 2.223 
9877 587.667 2.226  9948 543.912 2.223 
Average 408.7634 2.258538  9949 570.458 2.223 
Variance 22612.3 0.007887  9950 582.896 2.223 
    9951 604.283 2.223 
    9952 669.927 2.224 
    9953 603.412 2.224 
    9954 500.499 2.224 
    9955 465.056 2.234 
    9956 514.104 2.229 
    9957 608.898 2.225 
    9958 570.313 2.225 
    9959 515.122 2.225 
    9960 508.035 2.225 
    9961 538.687 2.225 
    9962 563.33 2.225 
    9963 555.443 2.224 
    Average 567.5924 2.226393 
    Variance 4587.516 0.000298 
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WELL [17023] 33061006410000 BRAAFLAT  11-11H    
MD-B TO MD-B-M   MD-B-L TO MD-B-BL  
DEPTH GR RHOB  DEPTH GR RHOB 
9865 92.914 2.534  9936 393.997 2.31 
9866 263.222 2.342  9937 578.109 2.211 
9867 392.87 2.224  9938 644.8 2.213 
9868 418.978 2.225  9939 704.518 2.215 
9869 378.292 2.225  9940 624.331 2.217 
9870 315.601 2.225  9941 554.262 2.219 
9871 274.109 2.225  9942 579.287 2.22 
9872 387.24 2.225  9943 672.082 2.222 
9873 617.347 2.225  9944 651.152 2.224 
9874 508.853 2.225  9945 542.652 2.226 
9875 501.715 2.235  9946 496.059 2.238 
9876 575.116 2.225  9947 536.963 2.223 
9877 587.667 2.226  9948 543.912 2.223 
Average 408.7634 2.258538  9949 570.458 2.223 
Variance 22612.3 0.007887  9950 582.896 2.223 
    9951 604.283 2.223 
    9952 669.927 2.224 
    9953 603.412 2.224 
    9954 500.499 2.224 
    9955 465.056 2.234 
    9956 514.104 2.229 
    9957 608.898 2.225 
    9958 570.313 2.225 
    9959 515.122 2.225 
    9960 508.035 2.225 
    9961 538.687 2.225 
    9962 563.33 2.225 
    9963 555.443 2.224 
    Average 567.5924 2.226393 
    Variance 4587.516 0.000298 
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WELL [16160] 33061004980000 NELSON  1-11H    
MD-B TO MD-B-M   MD-B-L TO MD-B-BL  
DEPTH GR RHOZ  DEPTH GR RHOZ 
9424 27.84 2.471  9490 47.946 2.316 
9425 32.151 2.29  9491 43.776 2.21 
9426 34.25 2.268  9492 40.49 2.124 
9427 23.282 2.209  9493 36.454 2.107 
9428 17.98 2.187  9494 42.142 2.157 
9429 14.744 2.233  9495 42.603 2.199 
9430 14.161 2.241  9496 54.124 2.22 
9431 20.01 2.237  9497 57.6 2.251 
9432 22.743 2.232  9498 52.048 2.263 
9433 25.398 2.161  9499 36.395 2.297 
9434 24.677 2.15  9500 33.381 2.306 
9435 25.11 2.209  9501 59.227 2.299 
9436 33.479 2.254  9502 72.111 2.282 
9437 33.528 2.192  9503 56.921 2.292 
9438 26.906 2.245  9504 43.218 2.271 
9439 25.554 2.55  9505 37.342 2.246 
9440 23.626 2.629  9506 45.713 2.245 
Average 25.02582 2.279882  9507 44.553 2.251 
Variance 37.52324 0.018672  9508 37.05 2.243 
    9509 31.451 2.242 
    9510 29.551 2.257 
    9511 30.462 2.247 
    9512 28.168 2.221 
    9513 22.984 2.219 
    9514 23.41 2.224 
    9515 23.753 2.211 
    9516 25.442 2.209 
    9517 25.596 2.255 
    9518 27.722 2.299 
    9519 26.258 2.263 
    9520 23.418 2.27 
    9521 19.739 2.24 
    9522 19.086 2.267 
    9523 30.127 2.285 
    9524 79.658 2.32 
    9525 167.692 2.36 
    9526 189.648 2.315 
    9527 192.07 2.347 
    9528 228.507 2.408 
    9529 249.989 2.442 
    9530 265.984 2.523 
    Average 64.48315 2.268366 
    Variance 4383.029 0.005731 
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WELL [17043] 33061006530000 ST-ANDES-151-89-  2413H-1   
MD-B TO MD-B-M   MD-B-L TO MD-B-BL  
DEPTH GR RHOZ  DEPTH GR RHOZ 
9070 242.791 2.433  9105 78.632 2.658 
9071 284.703 2.168  9106 79.129 2.67 
9072 266.534 2.218  9107 84.414 2.656 
9073 258.697 2.241  9108 82.761 2.639 
9074 238.44 2.258  9109 81.398 2.658 
9075 315.59 2.255  9110 81.606 2.664 
9076 396.043 2.195  9111 78.794 2.66 
9077 465.106 2.146  9112 87.408 2.654 
9078 427.851 2.126  9113 106.723 2.625 
9079 377.122 2.157  9114 200.31 2.602 
9080 406.634 2.12  9115 399.436 2.523 
9081 506.21 2.089  9116 523.738 2.369 
Average 348.8101 2.2005  9117 594.359 2.268 
Variance 8586.152 0.008426  9118 569.799 2.132 
    9119 520.449 2.138 
    9120 551.815 2.166 
    9121 597.794 2.134 
    9122 683.259 2.084 
    9123 727.633 2.055 
    9124 791.513 2.032 
    9125 793.823 2.027 
    9126 692.248 2.063 
    9127 693.425 2.099 
    9128 745.501 2.076 
    Average 410.2486 2.3605 
    Variance 81697.36 0.073328 
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WELL [08177] 33101002600000 DOBRINSKI  18-44 
MD-B TO MD-B-M  MD-B-L TO MD-B-BL 
DEPTH RHOB  DEPTH RHOB 
8622 2.375  8662 2.459 
8623 2.254  8663 2.43 
8624 2.26  8664 2.422 
8625 2.335  8665 2.226 
8626 2.385  8666 2.216 
8627 2.371  8667 2.226 
8628 2.226  8668 2.235 
8629 2.198  8669 2.174 
8630 2.224  8670 2.132 
8631 2.243  8671 2.179 
8632 2.227  8672 2.466 
8633 2.11  Average 2.287727 
8634 2.096  Variance 0.016394 
8635 2.167    
8636 2.227    
Average 2.246533    
Variance 0.007923    
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APPENDIX D 
CORE DESCRIPTIONS 
 
NDIC 17023. 
NWNW 11-153-91  
WHITING OIL AND GAS CORPORATION 
BRAAFLAT 11-11H 
MOUNTRAIL COUNTY, NORTH DAKOTA  
(Interval = 9861 – 9968) 
 
Unit Depth (ft) Descriptions 
 
1 9865'−9872' Shale: dark brown to black; no visible porosity, lamination 
of limestone from upper formation. Plant fossil. 
 
2 9931'−9961' Shale: dark to medium gray; silty, scattered yellow 
fluorescence. 
 
3 9961'−9968' Shale: dark gray; light to medium brown, silty and 
scattered yellow fluorescence. 
 
 
NDIC 16532. 
LOT 3 5-152-90   
EOG RESOURCES, INC. N&D 1-05H 
MOUNTRAIL COUNTY, NORTH DAKOTA  
(Interval = 9410 – 9485) 
MOUNTRAIL COUNTY 
 
Unit Depth (ft) Descriptions 
 
1 9410'−9426' Shale: very dark gray; fine silty texture, soft to slightly 
firm. 
 
2 9466'−9485' Shale: black; firm, fissile, slightly brittle. 
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NDIC 16862. 
SWSE 5-155-89   
EOG RESOURCES, INC. 
MCALMOND 1-05H 
MOUNTRAIL COUNTY, NORTH DAKOTA  
(Interval = 8817.7 – 8871.25 
 
Unit Depth (ft) Descriptions 
 
1 8818'−8823' Shale: dark gray to black; moderately firm to firm, 
carbonaceous, traces of limestone from upper formation. 
 
2 9466'−9485' Shale: dark gray to black; firm, yellow fluorescence, 
fracture filled with limestone from formation below. 
 
 
 
NDIC 16160. 
NWNW 11-158-93  
AMERADA HESS CORPORATION 
STATE ND 1-11H 
MOUNTRAIL COUNTY, NORTH DAKOTA 
 (Interval = 9425.5 – 9533) 
 
Unit Depth (ft) Descriptions 
 
1 9425'−9440' Shale: black to dark gray; firm, platy, no fluorescence. 
 
2 9491'−9530' Shale: black to dark gray; firm, platy, very carbonaceous, 
weak cut. 
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NDIC 17043. 
SESE 24-151-89  
HESS CORPORATION 
ST-ANDES-151-89- 2413H-1 
MOUNTRAIL COUNTY, NORTH DAKOTA 
 (Interval = 9063.5 – 9128) 
 
 
Unit Depth (ft) Descriptions 
 
1 9063'−9079' Shale: brown black; firm to soft, trace limestone, no 
fluorescence, microcrystalline, yellow green cut. 
 
2 9108'−9129' Shale: brown black; firm to soft, no fluorescence, 
moderately compacted. 
 
 
 
NDIC 21668. 
SENW 34-153-95 
BURLINGTON RESOURCES OIL & GAS COMPANY LP 
UBERWACHEN 22-34 
MCKENZIE COUNTY, NORTH DAKOTA 
 (Interval = 10205 – 10294) 
 
Unit Depth (ft) Descriptions 
 
1 10205'−10224' Shale: black to dark gray; soft to firm, carbonaceous, 
scattered dull to bright spots of yellow fluorescence. 
 
2 10271'−10294' Shale: dark brown; firm, fissile, platy, slightly silty, 
carbonaceous, dull yellow fluorescence. 
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NDIC 18413 
SESE 4-156-99 
NEWFIELD PRODUCTION COMPANY 
HEIDI 1-4H 
WILLIAMS COUNTY, NORTH DAKOTA 
(Interval = 9410 – 9485) 
 
Unit Depth (ft) Descriptions 
 
1 9410'−9426' Shale: dark gray to black; firm, fissile, moderately 
compacted, no visible fluorescence, white cut. 
 
2 9466'−9485' Shale: dark gray to very dark gray; blue cut, no visible 
fluorescence. 
 
 
 
NDIC 8177. 
SESE 18-151-87 
MARATHON OIL COMPANY 
DOBRINSKI #18-44 
WARD COUNTY, NORTH DAKOTA  
(Interval = 8629 – 8667) 
 
Unit Depth (ft) Descriptions 
 
1 8629'−8638' Shale: light to dark gray; soft to firm, no visible 
fluorescence 
 
2 8663'−8667' Shale: black; firm, fissile, slightly brittle, dull yellow 
fluorescence 
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APPENDIX E 
BURIAL HISTORY 
Burial history is an important factor in establishing when oil generation has/is occurring 
and timing of maturation of the source rocks. The curve represents the burial history for a 
formation in a well and depth indicating the amount of time. 
 
Figure 36. Burial History of file 16160, NWNW 11-158-93, AMERADA HESS 
CORPORATION. STATE ND 1-11H. 
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Figure 37. Burial History of file 17043, SESE 24-151-89, HESS CORPORATION. ST-ANDES-
151-89- 2413H-1. 
 
 
.  
Figure 38. Burial History of file 16532, LOT 3 5-152-90, EOG RESOURCES, INC. N&D 1-
05H. 
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Figure 39. Burial History of file 17434, NENW 18-150-90, QUESTAR EXPLORATION & 
PRODUCTION COMPANY. MHA 1-18H-150-90. 
 
 
Figure 40. Burial History of file 17023, NWNW 11-153-91, WHITING OIL AND GAS 
CORPORATION. BRAAFLAT 11-11H 
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Figure 41. Burial History of file 8177, SESE 18-151-87, MARATHON OIL COMPANY. 
DOBRINSKI #18-44 
 
Figure 42. Burial History of file 16862, SWSE 5-155-89, EOG RESOURCES, INC. 
MCALMOND 1-05H 
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Figure 43. Burial History of file 21668, SENW 34-153-95, BURLINGTON RESOURCES OIL 
& GAS COMPANY LP. UBERWACHEN 22-34 
 
Figure 44. Burial History of file 22572, NWNE 13-161-92, SAMSON RESOURCES 
COMPANY. SARATOGA 12-1-161-92H 
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Figure 45. Burial History of file 18413, SESE 4-156-99, SANEWFIELD PRODUCTION 
COMPANY. HEIDI 1-4H 
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